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My Lorp, 


In continuation of our Seventeenth Annual Report, 
we have the honour to submit— 


PART II—REPORT ON SALMON FISHERIES. 


The fishing season of 1898 appears, from all available sources Returms of 
of information, to have been considerably below the average. The Lee a4 
returns furnished by the Scottish Railway Companies and Steam- Steamship 
ship Owners as to the weight of salmon forwarded by them from “o™P2™°: 
all parts of the country show a total of 1717 tons 4 cwts., as 
compared with 2194 tons 5 cwts. in 1897, being a decrease of 477 
tons 8 cwts. Particulars for the five last years are shown in the 


following Table, together with the averages for the five years :— 
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In Note V. appended will be found the details of the averages here p. 64. 
given. The practice of distributing salmon direct from rivers and 
fishing stations to various markets, rather than as formerly for- 
warding all fish to London, seems to be on the increase in Scotland, 
and for this reason we have referred to the returns of the Railway 
and Steamship Companies as giving a fuller account of the trade 
in salmon than is now to be obtained from Billingsgate. A com- Number of 
parison of the figures derived from these two sources of information nage ae rv 
show a marked difference. The number of boxes of salmon sent to Billingsgate. 
Billingsgate in 1898 was 14,174, as compared with 16,284 in 1897, 
being a decline of 2,110 boxes. But the total delivered at Billings- 
gate—taking a box as 1 cwt.—represents only 708 tons 14 cwt., 
so that fully 1,000 tons of salmon seem to have been sent to 
markets other than Billingsgate. 

With reference to the Billingsgate returns themselves, this year’s 
figure is lower than any since 1879. The average for the period of 
eighteen years since 1879 is 23,161 boxes, compared with which the 
figure for 1898 shows a decline of 8,987 boxes, but from the infor- 
mation supplied from the Railway and Steamship Companies this 
decline may be regarded as due in a measure to the practice already 
referred to of sending salmon direct to other markets. 


TABLE showing the Number of Boxes of Scottish Salmon sent to 
Billingsgate from 1834 to 1898 inclusive :— 


Year, _ Boxes of Salmon. Year. Boxes of Salmon. 


| 
| | oe = 
| 1834 | 30,650 1867 23,006 
1835 | 42,330 1868 28,020 
1636 19 24°570 1869 20,474 
pea 32,300 1870) 20,648 
1838 21,400 1871 23.390 
1839 16,340 1872 24.404 
1840 15,160 1873 30,181 ¥: 
1841 28, 500 1874 32180 s. 
1842 39,417 1875 20,375 | 
1843 30,300 1876 34,655 \ | 
4a | 28,178 1877 28,189 
1845 31,062 1878 26,465 
edge 25,510 1879 13,929 
| 1847 20,112 1880 17,457 
1848 22.595 1881 23.905 
| Ge wit) 23 690 1882 22.968 | 
lay ssBO 13,940 1883 35,506 ~ | 
i et te 
3, 1885 30,362» 
1853 19,485 1886 | 23,407 
1854) - | 23,194 1867) aN 26,907 
1855 18,197 1888 22, 857 
1856 15,438 189 sia 21,101 
1857 18,654 1890 18,931 
1858 21,564 ig8l 25,889 
1859 15,823 1892 9 PRR!” 91919 
18607: | 15,870 1893 Ve 18.903 g 
1861 12,337 1894 15,489 ® 
ee fe a ten eet 
29 / | y4e 24 | 
1864 22,603 1897 [Sibee “16284 fase 
1866 21735 oe aie Ce te 
9 
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Monthly A monthly return of the number of boxes from all sources 
“ordeal received at Billingsgate has been, as hitherto, kindly furnished by 
Salmon sent tothe Fishmongers’ Company. The column referring to Scotland 
Billingsgate. gives the following totals:—Jan., —; Feb., 525; March, 866 ; 
April, 809; May, 1,430; June, 2,668; July, 4,166; August, 3,169 ; 
Sept., 487, and 18 frozen; Oct., 20 frozen; Nov., 14 frozen; Dec., 
2 frozen ; total, 14,174. Prices varied from 2s. 4d. per lb. in April, 
to 1s. 4d. in July and August, the frozen salmon being from 1s. 9d. 


to 1s. 11d. per Ib. 


TABLE showing Number of Boxes of Scottish Salmon delivered at 
Billingsgate each Month for the Years 1884 to 1898 


inclusive :— 
Table of Boxes | pee ot on 38 
of Scottish Sori ee ln bre o KAS = S| 
Salmon sent lo BS RES Son 56 | Soma, S 
toBillingsgate| Month. 5 1894. | 1895. 1896. | 1807. 1898, | 2~o SE AGES Ate 
in each piece [Fue Foc eis eS eee 
month, gar te S BT is Ee ee 
| 4 | 
| | | (Se Gh oS Soe eee 
January, . cs || Se ie = ee | aig 2 2 9 
February, 818| 327; 400, 822) | 773; Sab) 1 Be 2 OF) Fae 
March, .| 1,071! 692) 1,207; 1,385| \724| 866|.1 8% 2 5h) 2 1 
April, . | 1,416| 887| 1,160 1,580) 1,088| 869) 1 93 2 | 9 4 
[May, . .| 2,985| 1,745| 2,567' 2,876| 2,311/ 1,480 1 @ 1°68 | 2 0 
June,. .| 3,540| 3,078| 4,611 3,595| 3,127 2,668; 1 42 1 44| 1 5 
July, . .| 7,949| 4,464/ 9,066 7,450| 5,081, 4,166 011} 1 4 1 4 
August, . | 6,094) 3,968| 5,694 4,477| 3,001/ 3,169, 1 1 15 1 4 
\September,| 526, 328) 659 750 213; 487; 1 10 20 2-30 
|. * Do., oe =. Be ~ *6 | 18. op Mais ia ea 
|October; --| “2. | @-s |) aie ¥9| *20 if Sag 
November, i. 1 Ad FERS eg fin alam 
| December, |... coe gk 2 ee - | es 
| |. i ——————ss | | 
| Total, . |23,749 15,489 25,364 [22,435 |16, 284 }14,174 | | 
* Frozen salmon. 
p. 1, The answers to the queries issued to Clerks of District Fishery 


Boards show also that, with the exception of the Ness and, in 
part, the Ythan, the fishing has been below the average. These 
answers Will be found in Note I. appended. 


abe Spawning If the reports concerning the take of salmon show an unfortunate 

oe decline, the reports from the various Fishery District Boards seem 
to indicate that while the lack of water experienced in almost all 
our salmon rivers impeded the free entry of fish for most of the 
season, the full condition of the rivers in the autumn and early 
winter months enabled large numbers of spawning fish to ascend, 
and become freely distributed in many of the rivers. Only in a 
very few districts is the spawning season described as rather under 
the average. Reports such as “a good average,” “fully an average,” 
and “much above average,” are more frequent (vide Note I. 
Appendix). 


Sa No disease is reported from most of the rivers flowing directly from 
af rocky and mountainous country, as, for instance, the Ness, Lochy, 
Findhorn, Nairn, Dee (Aberdeenshire), Kennart, Balgay, and Lussa. 

Lowland rivers which appear to have escaped are the Ayr, Doon, Dee 

(Solway), Girvan, and Cree. In the rivers of East Sutherlandshire 
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disease has been very slight, but after ceasing in March it reap- 
peared to some extent during July and August. In the Tay, 
Saprolegnia appeared at the end of October, was worst. about the 
end of December, and the Clerks of the District Board report that 
they are uncertain if it ever quite disappeared during the year. In 
the Spey it appeared first on 30th October, and was worst in 
January. 113 fish were removed from the river, of which number 
62 were male grilse and 31 were male salmon. In the Forth 
district the disease did not appear till December. It reached its 
height in January and disappeared in April. It may be remarked 
that in most of the rivers where disease appeared the condition of 
the water level at the time is reported as being low; whereas in 
some rivers, such as the Aberdeenshire Dee, the Nairn, and the 
Balgay, where disease occasionally appears, the water ran high 
during most of the spawning season, and no disease was seen. 
Unfortunately in the returns dealing with the Lowland rivers 
which had no disease present last year, no record is given of the 
height of the water either under the heading of “ Disease” or of 
“Spawning Season.” 


In his annual tour of inspection, Mr. Calderwood visited the Inspections 
rivers Tay, Earn, Lyon, Tummel, Ness, Moriston, Beauly, and sy ea : 
Conon, with its tributaries of Orrin and Bran. Mr. Calderwood’s 
general report to the Board will be found appended. | He also 
inspected the river Ayr for the purpose of advising with regard to 
the need for a salmon pass in the dam dyke at Overmills, and 
also to inquire into the proper carrying out of the requirements of 
the Salmon Fisheries (Scotland) Act, 1868, with regard to the 
hecks at Overmills and the Nether or Ayr Mill. He also inspected 
the lower section of the river Doon. At a later date he visited the 
Isla and Ericht tributaries of the Tay, the Lochy and Spean, and 
the Don and Ythan. The pollution of the Don has called for 
action on the part of riparian proprietors, through the District °°) \ ©, 
Fishery Board. Mr. Calderwood, in his report on this river, refers © 
with some detail to improvements necessary to allow salmon to 
ascend the various artificial obstructions, the greatest of which is 
the Mugiemoss Dam, end he also states that in order to restore the 
river to its former condition, and to admit of the proper distribu- 
tion of spawning fish, it seems necessary that the various large 
millowners be required to abstract less water from the river than - 
they do at present. In Note III. will be found a report by Mr. p. 51. 
Calderwood on the cruives of Scotland. He draws special 
attention to the position of the cruive at. Craigforth, near 
Stirling. With regard to the river Spey, it has been de- 
cided by the First Division of the Court of Session that the Court of — 
pollution caused by the many distilleries which have now been ae 
erected in the district may legally be complained against. The pollution of 
particular case which has been the means of establishing the? 
position of fiparian proprietors in this matter was that of the 
Countess-Dowager of Seafield and others v. Kemp. The Lord 
Ordinary (Kyllachy) found that until a period well within the 
years of prescription the waters of the Ringorm Burn (on which 
Kemp's Macallan Distillery has long been situated), and also of the 
river Spey, were substantially unaffected by artificial impurities, and 
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were, under normal conditions, fit for all the primary uses; and that 
the defender has no right to pollute the waters by discharges of the 
waste products of the distillery. Consideration of application for 
interdict against the proved pollution was, however, delayed till 
the effect of certain remedial works executed by the defender 
should be tested. The First Division, when this interlocutor was 
reclaimed against, adhered to the declaratory findings under the 
two first heads, in so far as these related to the pursuers other 
than Mrs. Kinloch Grant, Arndilly ; and in regard to Mrs. Kinloch 
Grant, found that the defender had no right or title to discharge 
into the Ringorm Burn any impure matter prejudicial to the 
salmon fishings of Mrs. Kinloch Grant. The findings of the Lord 
President, and of Lord Kinnear on a special point in the case, are 
fully quoted in Note IV. appended. 


The deplorable state of matters with regard to the salmon 
fishings of the river Nith, referred to by Mr. Archer in last year’s 
report, seems still to continue. Very little has been done, so far as 
reports from the district show, to bring the sixteen obstructions, 
referred to on page 10 of Mr. Archer’s report, into harmony with 
the provisions of Schedule G of the Salmon Fisheries (Scotland) 
Act, 1868 (31 & 32 Vic. cap. 123). 

In Note VI. of the Appendices will be found a list of the dates of 
the commencement and termination of the annual close times for 
net and for rod fishings in the various salmon rivers in Scotland. 


In Note VII. of the Appendices a list is given of the Chair- 
men and Clerks of the Salmon Fishery District Boards of Scotland. 
This list contains two additions to the list of 1897, viz., Snizort 
and Sligachan. These two Skye Boards have arranged to supervise 
the fresh-water fisheries of the Island by means of a combined force 
ef watchers. 


The scientific investigatious into the Life History of the Salmon 
reported upon last year have been continued with a view to 
completion. The results are, however, not yet ready for publication. 
We again desire to express our thanks to the noblemen and 
gentlemen who have kindly supplied fish for examination in the 
Laboratory of the Royal College of Physicians, Edinburgh. 


We have the honour to be, 
Your Lordship’s most obedient servants, 


ANGUS SUTHERLAND, Chairman. . 
D. CRAWFORD, Deputy-Chairman. 
D’ARCY W. THOMPSON. 

J. RITCHIE WELCH. 

W. RB. DUGMED.: 

ARCHIBALD JAMESON, 

L. MILLOY. 


WM. C. ROBERTSON, Secretary. 
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SEVENTEENTH ANNUAL REPORT TO THE 
FISHERY BOARD FOR SCOTLAND, 


ON THE 


SCOTTISH SALMON FISHERTES IN| 1898. 


BY 


W. L. CALDERWOOD, F.RS.E., 


INSPECTOR OF SALMON FISHERIES FOR SCOTLAND, 


REPORT. 


‘I wave the honour to submit my Report for the year 1898 to the 
Fishery Board for Scotland. 

By direction of the Board, and at the request of the provost, magis- Ayr. 
trates, and councillors of the town of Ayr, I inspected the dam and 
hecks at Overmills and the heck at the Nether Mill on 9th September, 
for the purpose of inquiring into the condition of the structures named, 

~ and their effect upon the salmon fisheries of the river. 

Overmills.—_The dam dyke is 490 feet in length, has an average 
height of about 6 feet, and an average gradient of 1 in 3. There is 
no fish-pass, and during normal and low conditions of the river, as 
during my visit, the dam is, in my opinion, a complete obstruction to 
the ascent of salmon. I was enabled to study the fluctuations of 
water-flow from readings of water gauges erected at the weir five 
months before my visit. By these and by enquiries I made as to the 
water-power necessary to drive the mill in a paying manner, I was 
satisfied that no loss would accrue to the tenant of the mill, except 
during extremely low conditions of the river, or when the greater part 
of the face of the weir was dry, with the crest, in the neighbourhood of 
the gauges, two inches above the level of the upper pool. I may state, 
however, that several decisions of the Courts have sufficiently proved 
that any loss which might occur by the erection of a salmon pass in 
conformity to the requirements of the Salmon Fisheries (Scotland) Act, 
1868, Schedule G, must be regarded as incidental to the requirements 
of the Act. 

I made a careful examination of the whole of the weir, and of the 
bed of the river below the weir, and I indicated to the surveyor of the 
burgh of Ayr, whose duty it will be to carry out the erection of the 
fish-pass, as also to the chairman and clerk of the District Fishery 
Board, the exact position where, in my opinion, the pass should be 
erected. At the same time I explained to the surveyor the require- 
ments of Schedule G, and indicated what seemed to me the most 
advantageous method of adaptation in the Overmills Dam. 

The upper heck of the mill conformed to the regulations, but the 
lower heck was so arranged as to be readily converted into a salmon 
trap. This, I indicated, should be modified in accordance with the 

é bye-law. 

Nether Mill ov Ayr Mill,_1 found the heck on the upper lade much 
damaged, but constructed on a satisfactory principle. There was no 
lower heck. The representatives of the burgh—eight of whom were 
present, and by whom the mills are leased—raised the objection that no 
tail-lade existed, and that, therefore, they could not be compelled to put 
up a heck, or to construct a tail-lade for the purpose of erecting a heck. 
The clerk of the District Fishery Board having indicated that his 
Board did not intend to ask the Town Council to build a tail lade, I 
took the opportunity of indicating how a heck might be conveniently 
erected without the construction of a tail lade. 


Doon. 


Forth, 


Earn. 
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At a subsequent date I attended a meeting of the committee of the 
Town Council and representatives of the District Fishery Board, for the 
final adjustment of difficulties which had arisen in connection with the 
proposed alteration of the dam dyke at Overmills. The Town Council 
being embarrassed, however, by the attitude of the lessee of the mill, 
the matter was carried before the Sheriff. The following extract from 

letter of the clerk of the District Board of Ayr shows clearly the 
result, and may be instructive to those who may be similarly situated 
in the future. Mr. Macrorie writes to me under date of 23rd March 
1899 as follows : —“'The Sheriff intimates to the ‘Town Clerk that, after 
considering all the authorities, he was clearly of opinion that the town 
was bound to form the salmon ladder and put on proper hecks. In 
consequence of that expression of opinion the town have now lodged a 
minute consenting to an order being pronounced ordaining them forthwith 
to forma salmon ladder and to put on hecks, the work to be done at 
your sight and to your satisfaction, and the Sheriff has to-day granted 
the order in terms of the minute. I have written the Town Clerk to 
send you on at once a plan and specification of the proposed ladder for 
your consideration. 

On visiting the river Doon on the occasion of my inspection in the 
Ayr viver, I was able to instance a heck, built at the mouth of a culvert 
at the Dutch Mills, above the old Brig 0 Doon, as constructed on a 
plan suited to the culvert of the Nether or Ayr Mill, concerning which 
difficulty had been raised. 

[ visited the cruive dyke at Craigforth in the neighbourhood of 
Stirling, for the purpose of examining that structure. Special reference 
to it will be found at the end of Note III. appended (p. 56). 

A scheme for the improvement of the salmon fisheries of the river 
Karn is at present under the consideration of the Tay District Fishery 
Board. A memorandum, prepared by Si Robert Moncreiffe, the 
chairman, was first addressed to the various proprietors interested in 
November 1897. A report on an inspection of the river Harn by my 
predecessor, Mi. Archer, will be found in Note Il. In general terms 
the proposals are to lease for a period of years the net fishings and 
cruive fishings of the river, and to erect suitable salmon passes in such 
weirs as at present form obstructions to the passage of fish. There are 
in all six weirs on the river Earn. 

In accordance with a decision of the Fishery Board for Scotland, by 
which, as part of the annual tour of inspection, the obstructions referred 
to should be examined, I visited the district during the second week of 
October. 

The cruive dyke at Dupplin is, without doubt, the most serious 
obstacle in the river. It is the first obstruction encountered by 
ascending fish, and, except during floods, is a complete barrier. One 
cruive-box exists, and all the water of the river during low levels is 
compelled to find its way through the box. At the time of my visit 
salmon and sea-trout had accumulated in great’ numbers below the 
cruive, the latter being so closely packed in the shallow water at the 
margins of the main current that they could be easily lifted out. The 
rush of water thr ough the cruive box was too great for any fish to 
penetrate. A second cruive-dyke exists at Strathallan, a very steep if 
comparatively low weir about eight miles up the river. In this case also 
one cruive-box causes a very great rush of water. Inthe Eighth Annual 
Report, Part I1., Appendix, p. 57, the measurements of the weirs and 
the cruive-boxes are given by Mr. Young. Further reference to cruives 
will be found in Note III., p. 51. A short distance up stream another 
obstruction is formed by Millearn Weir. The mill is now only used for 
threshing purposes, previously it was a meal mill. The dyke is low, and 
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although it has no salmon pass, it does not seem to offer any very 
serious barrier to the ascent of fish when the river is in a condition for 
salmon running. Next in the ascent of the river comes Colquhalzie 
dyke, also a low dyke, though rather more difficult of ascent than 
Millearn. No pass exists. About a mile below Crieff is Dornoch dyke, 
an obstruction of considerable magnitude. ‘T'wo meal mills are worked 
by the water obtained by means of this weir, one on each side of the 
river. Mr. Young (doc. cit.) states that a right of cruive-fishing was 
originally held here by Lord Willoughby, but that, in order to benefit 
the fishings, the cruive was removed and a fish-pass substituted. Since 
the date of this sportsmanlike action another structure has been added 
to the dam, ostensibly for the purpose of assisting salmon to ascend. 
A breach has, however, recently occurred in the dyke which happily 
is to be permitted to remain (Note I., Appendix, p. 16). 
short distance above Crieff bridge is the last weir on _ the river, 
excepting a couple of insignificant dams for working small saw-mills. 
Cook’s mill dyke, which supplies water to what is termed the Bridge 
End Meal Mill—the name of Cook seems associated only with the 
dyke—is again not very serious as an obstacle to the ascent of fish, 
although it certainly should be provided with a salmon pass. None of 
the mill lades on the Earn are provided with hecks, and the case of the 
Bridge End Mill is certainly the most serious. The upper lade is about 
500 yards long, and is provided with strong sluices. Two wheels exist 
ip the mill, and the tail-lade is continued into the river in such a way 
that it forms a ready opening for the entrance of fish. It is overhung 
with bushes, and has a stony natural bed. Tt should not be allowed 
to continue without a heck. A bye-wash also exists which, when the 
mill is not working, throws a torrent of water at right angles to the 
natural flow of the river. So far back as 1882 the Tay District Fishery 
Board issued circulars explaining the requirements of the Salmon 
Fisheries (Scotland) Act, 1868, with regard to hecks, and calling upon 
every mill-owner in the Tay District to comply with the regulations. 
The requirements of the Act with regard to hecks are as follows 
(Schedule G) :— 

‘3. At the intake of every lade there shall be placed and con- 
stantly kept a heck or grating for each opening, or one 
embracing the whole openings, the bars to be not more than 
three inches apart, if horizontal, and not more than two 
inches if vertical. 

4, A similar heck or grating shall be placed and constantly kept 
across the lade or troughs immediately above the entrance to 
each mill-wheel. 

5. A similar heck or grating shall be placed and constantly kept 
across the lower end of each tail-lade at its entrance into the 
main river.” (Then follows a note containing a recom: 
mendation as to the construction of lades, so as to compensate 
for the space occupied by the bars of the hecks). 


This need for hecks in the Tay district is also seen in the neighbour- Ericht, 
hood of Blairgowrie, in the river Ericht, a tributary of the river Isla. 
I visited this locality at a subsequent date, and saw, in the lade of the 
Muckle Mill, a pair of small salmon, and several pairs of sea-trout pre- 
paring to spawn. It may be argued that the Ericht is now a quite 
unimportant salmon river, and that migratory salmonide do not reach 
Blairgowrie till the close season; but so far as my observation goes, 
the pollution referred to in Mr. Young’s first report, page 13, does not 
now exist, and such fish as enter the river are only stopped by the 
high impassable weirs where the Tay District Board have already 
experimented unsuccessfully with the Macdonald Fish Pass, Mr, 
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Young (loc. cit.), referring to a book by Wilham Gloag, Deputy 
Collector of Cess, says that it is there stated that the fishings at the 
Keith—which is situated between the present mills of Ashbank and West- 
field—were worth £164 16s. annually, at so recent a date as 1835, and, 
he adds, no doubt with truth, that no one would now give £1 a year for 
them. The mills were all working at the time of my visit, yet the water 
ran clear, and I understand that it is never polluted by the flax mills. 
The river seems well suited to salmon, and I have no doubt they would 
enter it in numbers and ascend to the impassable weirs above Blair- 
gowrie, if the river Isla formed a greater attraction to the salmon and 
sea-trout of the main river Tay. 

It seems certain that in former times salmon entered the Isla 
earlier in the season, and were numerous in the river. Where the 
more rapidly flowing Ericht joins the Isla several fine streams give 
life to the latter river; and in the neighbourhood of Meigle other streams 
exist; but for twelve or thirteen miles upwards from the junction of 
Isla with Tay, at Meiklour, the Isla is a sluggish canal-like river, 
except for the localities mentioned. It does not appear that when the 
fishings were more prosperous the chief features of the river were 
different, and on this account I was anxious to inspect carefully the 
junction of Isla and Tay at Meiklour. On 3rd November 1891, a 
committee of the District Fishery Board reported to the Board at Perth 
that the rumour of the existence of a gravel bank at the mouth of the 
Isla was without foundation, that no gravel bank had accumulated at 
the mouth of the river, and that there was sufficient water for fish to 
enter the tributary at all times and seasons. The report of the com- 
mittee contains no suggestion as to the cause of the decline in the fish- 
ings in Isla. 

The Tay, at Meiklour, sweeps round in a bow- -shaped course, the 
greatest force of the current being towards the east or Isla side. The 
current impinges with some force above the mouth of the Isla, and the 
fact that the point between the two rivers, as well as the bank for some 
distance up the Tay, is strengthened by solid masonry, inclines one to 
suppose that the encroachment of the water on the lands of Meiklour 
had become marked, and that building was resorted to in order to pre- 
vent a further denudation of the point which separates the two rivers. 
If this supposition is correct, we have only to restore, in imagination, 
the point and the left bank of the Tay above the point, to see that the 
“lead” into the Isla has been rendered much less direct by the process 
of denudation than it formerly was. It may not be possible at this date 
to restore the banks so as to give a greater chance for ascending fish to 
enter Isla, but the other alternative remains of attempting to increase 
the sluggish flow of Isla at the point, by concentrating the water, by 
means of a croy or imperfect dam, so as to increase the current. Such 
an attempt has recently been made at the mouth of the Teviot by means 
of a barrier or imperfect dam. At present the current of the Tay may 
be said to be quite unaffected by the entrance of the Isla water. I 
would venture to suggest, however, that the projection of the point of 
land is likely to produce the best results for the Isla. At present the 
fishings of this river have sunk to so low an ebb, during the best of the 
season, that no attempt is made to maintain them, nor is any assessment 
levied upon the proprietors. Pike have become too numerous, and 
attempts which have been made to net them out have not resulted in 
much success. The characteristics of the Isla seem to be favourable 
to grayling fishing, yet graylings are not taken in numbers. This fish 
seems to me to deserve more attention than is commonly given to it. 
The introduction of grayling into the Clyde at Abington, in 1855-56, 
formed the first attempt to acclimatise the species, and the experiment, 
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has been most successful. Although the sporting qualities of this fish 
are not equal to those of trout, the grayling is adapted for the rather 
more sluggish water which is to be found in some of our rivers, and 
which is of inferior value for trouting; and the fish is in best condition 
during the winter months, when trout are out of condition if not out 
of season. 

Banks of gravel, such as were supposed to exist at the mouth of the 
Isla, are more likely to arise at the confluence of rather rapid streams, 
as at the points where the Lyon or the Tummel joins the Tay. The Lyon. 
Gallan Falls, above Meggernie, on the Lyon, were visited on the last day 
of the rod- fishing season, but, owing to the low condition of the river, 
the few salmon which were seen attempting the lower cascades were 
unable to ascend. The Falls of Tummel, the weir at Dalcroy, and the Tummel. 
fallsat Dunalister were the obstructions visited during the inspection of 
the latter river. 

Several parts of the Spey District were also visited. The important Spey. 
case of the Countess Dowager of Seafield and others against Roderick 
Kemp, of Macallan Distillery, with reference to the pollution of the 
Ringorm Burn and River Spey, has significance not only for all other 
distillers who pollute the Spey, but for the manner in which river 
pollution in general may be opposed by riparian proprietors. Several 
good salmon streams in Scotland have been entirely closed to migratory 
fish through being regarded as convenient effluents for the poisonous 
bye-products of manufactories. In the case of the Spey, time has been 
granted by the Court, in order that another method of disposing of the 
deleterious matter may be devised The decision of the First Division 
of the Court of Session will be found in Note LV. p. 58, 

A river which may be described as hanging in the balance between Don,_ 
extreme pollution and a return to its former condition of a salmon 
river of the first class, is the Don. To render this river satisfactory to 
both upper and lower proprietors three lines of improvement seem 
to be necessary :—(a) To stop pollution by arranging that deleterious 
matter be disposed of through other channels. (6) ‘lo regulate the 
amount of water which it may be permissible for any mill or factory 
to abstract. (c) To afford salmon greater facilities for ascending the 
artificial obstructions of the river. 

In my inspection I ascended the river from the Bridge of Don. I 

shall mention the matters which more especially engaged my 
attention in the order in which they occur from the mouth upwards. 
At Kettoch Mill, on the left bank—a barley and meal mill which 
appears to cause little or no pollution—-a heck exists at the foot 
of the tail race, but it is of an unsatisfactory type. The bars are thin 
and irregular, and even at normal flow of the river do not reach as high 
as the surface of the water. Ascending salmon could easily swim over 
the upper surface of the heck, and I was informed by the local inspector 
that they do so in considerable numbers, and that the lade between the 
mill and the heck is hunted by poachers on all possible opportunities. 
A more suitable heck should be provided. The dam-dyke offers little or 
no obstruction to ascending fish. It is built ata bend of the river, and has 
a V-shaped angle pointing up stream. The apex of the V forms a good 
pass for salmon, the dyke being comparatively low. 

Gordon’s Mills and Don Wills, on the right bank—carding and 
spinning mill, and paper mill respectively. The dyke which enables 
water to be drawn to those mills is not only a dam-dyke, but is also a 
cruive-dyke or fishing weir. At normal conditions of flow the whole of 
the water in the river passes through the four cruive boxes (vide Note 
III.). Immediately below the cruives, Plate I., the fishing pool known p. 54. 
as the Lebby Pot. occurs. _ This pool,» which | has been netted for a great 
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number of years, is maintained by a check-dyke, a structure which, 
unless explained in some very special way, seems to me to be illegal, 
and concerning which I have entered into communication with the Don 
District Fishery Board. 

Immediately below the cruives the tail lade of the Grandholm Mills— 
a cloth manufactory—on the left bank, enters and swells the water of 
the Lebby Pot. This lade is about a mile in length, and contains a 
large amount of water. In this mile the fourth mill occurs—Messrs. 
Pirie’s rag mills—but the water for this mill is led off on the right bank 
by a long lade starting from a dyke about 200 yards above that which 
gives water to the Grandholm Mills, so that the cruive and dam-dyke 
at Gordon’s Mill is deprived of water by the very long lade of the 
Grandholm Mills alone. Some advantage is gained by the length of 
the lade to the last-mentioned mills—a substantial structure cut through 
rock for a great part of its course—in that the dam-dyke at the upper 
sluices is low, and offers no great obstacle to the ascent of salmon. 
The same may be said of the dyke supplying Woodside rag mills, 
although, unlike the Grandholm Mills, these are close to the 
river. It is built, like the dam at the Kettoch Mill, with an up- 
stream angle, and in addition, a broad race passes off close to the left 
bank and enters about a hundred yards lower down without any obstrue- 
tion, so that by this race salmon could pass up stream without ascending 
thedam. An example of the effect of a too short lade is seen at the next 
or Mfugiemoss Mill—-Messrs. Davidson’s paper mill. The dyke here has 
become notorious as an obstruction to the ascent of salmon, and during 
last close season the fish had to be netted out of the pool below, and 
conveyed (in the water-carts of Aberdeen) to the river some distance 
above. This Mugiemoss Dam is referred to by Mr. Young in his Ist, 
8th, and 9th Reports, and more briefly by Mr. Archer in the 11th 
Report. Several modifications have from time to time been made on 
this dyke in order to facilitate the ascent of salmon, but the obstruction 
is still most formidable. In my opinion no slight modification will here 
be of much avail, and unless a radical remodelling is undertaken, any. 
improvements in other parts of the river will sufter if (and the ample 
supply of pure water must be considered of paramount importance) the 
increased distribution of migratory fish so much needed for the improve- 
ment of the general fisheries of the river be not facilitated at Mugie- 
moss. 

At the time of my inspection, owing to a sudden reduction in the. 
water-flow, due presumably to the opening of mill sluices further up, 
Mngiemoss dyke was deprived of much water (the state of the river 
had been previously estimated as six inches above normal). By wading, 
[ was therefore enabled to make a thorough examination of the whole 
structure. 


The down-stream face of the dyke is roughly elliptical in contour, a 
straight salmon pass exists down the centre of the dyke, and at the foot 
of this pass, between the side arms of the dyke, a long flat apron extends. 
The outline of the apron is necessarily also elliptical; it is rendered 
perfectly smooth by cement, and is the most singular feature of the 
obstruction. The height of the dyke from the flat surface of the apron 
is about 83 feet, and the length of the down-stream face, as measured. 
down the side of the pass, is 45 feet. This measurement also represents 
the length of the pass, the breadth of which I found to be 5 feet, the 
depth about 34 feet, the floor being roughly rounded throughout ; and 
the depth at the sill 18 inches. No breaks or stops exist, and therefore, 
although measuring from the sill to foot of pass, the gradient is one in 
five—the minimum recognised by Schedule G of the Salmon Fisheries 
(Scotland) Act, 1868—the length of the pass is such that the descend-- 
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ing water attains very great momentum. Except in low conditions of 
water, it would be impossible for salmon to swim through the foaming 
race in the pass, and during these conditions the water covering the flat 
surface of the apron is not more than ankle deep, thus entirely depriving 
fish of a “ take-off.” On the left side of the dyke a slight angle in the 
masonry and upper sill exists, and I am informed by the keeper, who has 
for a number of years carried on the net fishing in the neighbourhood, 
that when the river rises, and fish begin to run, the ascent is made at 
this slight angle. The length of the apron from the foot of the pass I 
found to be 124 feet. Immediately beyond the apron, which ends quite 
abruptly, the water is very deep. Fish attempting to ascend the 
Mugiemoss dyke have therefore to come to the surface at the lower end 
of the apron, to traverse the shallow water on top of the apron, and 
then from this almost impossible position to attempt the very difficult 
ascent of the weir. 


In order to give facilities for fish to ascend, it is necessary, in my 
opinion, to give them deep water on the surface of the present apron. 
Three subsidiary dykes of 3 feet, 4 feet, and 5 feet height, built transversely 
across the line of water flow, parallel to each other, would accomplish 
this end, and would also flood the present pass sutticiently to afford 
salmon an easy entrance to the upper river. It is necessary that the 
lowest subsidiary dyke be placed at the extreme end of the apron, so as 
to allow fish the benefit of the deep pool in jumping the dyke. A depres- 
sion in the centre of this dyke 6 in. deep by 5 feet broad might be allowed. 
1 would suggest that from this point the other two dykes should be 
erected 30 feet up stream and 60 feet up stream. A pool-pass of this 
kind takes advantage of all the water of the river, and fish are enabled 
to ascend in the main channel without great effort. 


About half a mile above Mugiemoss, Messrs. Pirie’s Waterton works 
and Stoneywood works—paper mills—occur. The works are in the 
same enclosure and are of great extent, having been recently much 
enlarged ; but two separate dykes and lades exist. The Stoneywood lade, 
an immense and substantial structure, is conducted in an aqueduct above 
the other. The two lades unite before the contained water is returned 
to the river, and the breadth of the united tail-lade is apparently as 
great as the breadth of the channel of the Don. This matter is referred 
to by Mr. Young in page 22 of the First Annual Report. No change for 
the better seems to have transpired since his report in 1882. 

The Waterton dyke is comparatively low and a gap exists in the 
centre of it. Owing to the rough nature of the river bed immediately 
below, the position of the pass does not seem to be well selected. Perhaps 
the simplest plan here would be to insert a “diagonal” pass on the face 
of the dyke from the extreme left, where some rocks project. The 
“diagonal ” to project downwards and outwards for a distance of about 
10 feet, so that the foot of it rests upon the lower margin of the dyke. 
Such a “diagonal” is most readily formed of 3-inch wood against iron 
uprights driven into the face of the dyke. The chief trouble in this 
locality, however, seems to be the abstraction of water, which during the 
summer months, and when the water is low, renders the main channel 
below the dam so dry that fish have not sufficient water in which to 
ascend. 


Stoneywood dyke, the seventh artificial obstruction, has a long easy 
gradient and is not high. The river bed immediately below is broad and 
shallow, however, the latter by reason of the amount of water abstracted 
by the great lade supplied by the dyke, and I am readily led to suppose 
that during low levels of the river fish cannot reach the dyke. A fish- 
pass exists which is, in my opinion, suitable for the purpose intended 
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A slight deepening of the channel below the fish-pass might result in 
great advantage in this case; but if the salmon fishings of the Don are 
to be preserved it seems to me essential that the mill-owners be required 
to use less water. 

I have also visited the district of the river Yess. My attention was 
here called to the Dochgarroch weir, which maintains the level of the 
Caledonian Canal at the north end of Loch Ness, and forms the source 
of the river Ness. The weir stretches a distance of about 700 feet 
across the head‘of the river; the down-stream face measures 20 feet, and 
the height of the weir is 5 feet. A broad gap or pass occurs at a very 
suitable point for the ascent of fish, but, owing to the large, abruptly- 
projecting stones forming the apron immediately below the pass, the 
descending water breaks most roughly, and is scattered in foam in such 
a way as to seriously impede the ascent of salmon. A water gauge exists 
at the Dochgarroch Lock on the Canal, the daily readings of which, 
covering a great number of years, were kindly sent to me by the Engi- 
neer and Superintendent of the Canal. Finding the weir an obstruction 
to the ascent of fish, except during fiooded conditions of the river, I 
made a special report on the subject, suggesting that in order to obviate 
the unfortunate condition a barrier parailel to the weir should be erected 
opposite the mouth of the pass, to check the force of water, and that as 
far as possible the projecting points of rock should be pinched off. This 
report was approved by the Fishery Board on 27th January of this 
year, and, at the request of the Ness District Board, was subsequently 
forwarded to them. 


In the Ness district I also visited Invermoriston. The celebrated 
salmon pass at the Invermoriston Fall has undergone some modification 
since it was visited by Mr. Archer in 1892. It now consists of nine 
steps and a run at the top, but the second and third step, counting 
from below, need not now be taken by fish owing to a run of water 
which has broken round them. The high floods to which the river is 
subject have also moved a rock of several tons weight into the centre of 
the pass, but this does not in any way injure the chance of fish 
ascending ; while a two-doored sluice, which has been erected at the 
upper end, now enables the flow of water in the pass to be regulated. 
A short distance below the Fall the river becomes sluggish, and at. its 
entrance to Loch Ness the current is unfortunately slight. A partial 
barrier or large croy might here be of advantage, as suggested with 
reference to the river Isla, p. 6, ante. Above the Fall the river is 
very rapid, and but few pools or resting-places for fish seem to exist. 
The erection of one or two croys at judiciously selected points might 
greatly improve the fishing. Four miles up stream another serious 
natural obstruction occurs. Just above a rocky islet the course of the 
river is narrowed in a rocky gerge. The fall is not of great height, but 
owing to the concentration of the water the current is excessively 
strong; in addition to which, just at the point where the plunge is 
made, the water splits upon a large rock. Above this point the river 
for a few miles assumes a sluggish character, as in the river Lyon, but 
at Torgyle, to which point I drove with Mr. Ewen Grant, a pleasant 
Series of streams again occurs. The Superintendent of the Ness district 


informed me later that a large number of salmon had _ penetrated to the 


upper reaches of the Moriston, and had there spawned and been killed 
by locai people. 

On a subsequent occasion also I inspected the tidal mouth of the river 
Ness in connection with certain dredging and building works proposed 
by the Inverness Harbour Trustees. 

In the Beauly district, all the fishing rights of which are held by 
Lord Lova", I first visited the cruives, a description of which will be 
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found-in Note III., p. 53. L afterwards inspected the Kilmorack Falls. 
At the lower Fall no pass exists, and at the upper Fall a slight pass at 
the extreme right is alone present. 


A description of the Conon cruives will also be found in the note Conon. 


above referred to. The part of the water in this district, which is 
described as the river Conon, is only about 14 miles in length, being 
that which connects Loch Luichart with the sea at Conon Bridge, yet 
the drainage area served by the upper waters of Bran and Fannick or 
Grudie, and by the lower tributaries of Blackwater, Meig, and Orrin, 
is upwards of 400 square miles in extent. Considering the great 
extent of most beautiful water which exists in the district, the mileage 
to which salmon have access is very small. J made a careful inspection 
of the large Falls at the source of the Conon proper, and also of the 
Falls on the Bran above Loch Luichart. In my opinion a wider 
distribution of spawning salmon throughout the district would materially 
develop the great potentiality of the fishings which appears to exist. 
Reference to the proposed opening up of the district will be found in 
the Report of the Commission on Crown Rights in Scottish Salmon 
Fisheries, p. 13. 


On 9th February 1898 a District Fishery Board was duly constituted Establishment 
by the Sheriff of Inverness, Elgin, and Nairn for the district of the of District 


river Snizort, being the western district of the Isle of Skye. 

Also on 4th May 1898 a District Fishery Board was constituted by 
the same Sheriff for the district of Sligachan, Broadford, and Portree, 
being the eastern district of the Isle of Skye. 

I am further able to state that at a meeting of the said Boards, held 
on 22nd June, the two Boards agreed to combine in maintaining a 
common staff of officers for the better protection and regulation of their 
fisheries, in terms of sec. 22 of the Salmon Fisheries (Scotland) Act, 
1862 (25 & 26 Vict. cap. 97). 


Boards in Isle 
of Skye. 


The scientific investigations instituted by my predecessor, Mr. Archer, Salmon 


in 1894, have, as far as possible, been continued. The extremely F 


valuable results which have been obtained were summarised in the last 
Annual Report (p. 13). During the past year Dr. Noel Paton and his 
colleagues have obtained fish, principally from the Spey and Dee, 
but also to some extent from the upper waters of the Tay, for the 
purpose of extending the investigations which formed the subject of the 
Special Report on the Life History of the Salmon which was presented 
to both Houses of Parliament on 8th March 1898. This additional 
work is not yet sutticiently advanced to admit of publication, but from 
a memorandum furnished me by Dr. Noel Paton, I am able to indicate 
the following as the points principally studied :— 


(1) The conditions governing the migration from sea to river. By 
Dr. Noel Paton and Dr. J. C. Dunlop. 

(2) The source of the colouring matter of the flesh and ovaries. By 
Miss Newbigin. 

(3) The growth of the “hook” on the lower jaw of the male fish 
as the spawning season is approached. By Dr. Crawford. 


For the purposes of (1), His Grace the Duke of Richmond and Gordon, 
and the Fishery Board for the District of the River Dee (Aberdeen- 
shire), have kindly supplied 32 fish during the months of February, 
March, April, May, June, July, and December of 1898, and in January 
of 1899. The purpose has been to fill up the slight hiatus which existed 
in the published report. In connection with the inquiry mentioned as 
(2), Sir John Murray has kindly forwarded a supply of crustacea from 
Loch Fyne, and it is hoped that material for purposes of comparison may 
shortly be obtained from Ireland. ~The statement in Dr. Noel Paton’s 


ishery 
ivestigation. 


Marking of 
Salmon. 
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published report which seems to have attracted the greatest amount of 
public notice, is that which refers to the habit which the salmon has of 
ceasing to feed when in fresh water. A certain degree of misconception 
seems to have arisen on this point, in two ways. Some who have dis- 
cussed the matter have not understood that the salmon referred to are 
those which have reached the adult stage, or have at least returned 
from the sea after feeding heavily there. By others, what may be termed 
the mere impulse to feed, or to seize objects somewhat similar to natural 
food, has been confused with the habit of taking nourishment, a habit 
which amongst salmon in fresh water is, in our country, practised only 
by parr and smolts, and perhaps by not a few kelts, for we still 
need much information about kelts, especially mended kelts. If 
the impulse to seize objects, which by experience are known to be 
attractive to salmon under certain conditions, were not present, we 
should have no salmon angling. Many observers have remarked that 
amongst salmon taken in fresh water none are to be found with food in 
their stomachs. In 1872, for instance, Professor S. F. Baird, of the U.S. 
Fish Commission, inserted a note in his report as follows (p. 371) :— 
‘According to Dr. A. C. Hamlin, the examination of many hundred 
salmon in the Bangor (Maine?) market revealed no kind of food, except- 
ing in a single instance where two small fishes were discovered.” The 
statement, however is very general, inasmuch as we are not told where 
the salmon were caught, or whether the two small fishes were of marine 
or fluviatile species. The thoroughly scientific discussion of the question, 
both from the physiological and chemical aspects, and the proof that the 
salmon, when seeking the fresh water with tissues charged with fat, 
ceases to take nourishment, and speedily undergoes a change in its 
digestive tract which renders it incapable of absorbing nourishment, 
places the whole question on a different level. In all probability the 
migratory salmonide of the American Continent have the same peculi- 
arity ; indeed, the fruitlessness of angling for salmon in some rivers of 
the Pacific Coast would seem to show that even the impulse to seize food 
is deficient, but in this connection it is necessary to except the land- 
locked salmon. This salmon, found also in some Scandinavian inland 
waters, migrates only from rivers to great lakes, and does so even when 
the passage to the sea is open to it. The eggs of S. salar, which the 
late Sir James Maitland hatched and reared at Howietoun in 1880-1884 


‘(wide Day’s British and Irish Salmonide, p. 102), and which successfully 


spawned in December of the latter year, and the offspring of which 
hatched out in February and March of 1885, form examples of artificially 
fed and land-locked salmon. Yet just as Loch Leven and common 
trout transported to New Zealand assume a migratory habit, so it would 
appear that our present migratory species may under certain conditions 
continue te exist exclusively in fresh water, and to feed there. 

The marking of salmon by means of a small silver label attached to 
the dorsal fin has been continued. Labels have been sent or delivered 
personally to the Spey (George Muirhead, Esq., factor to His Grace the 
Duke of Richmond and Gordon, Fochabers), the Dee (Clerks to District 
Board, Aberdeen), the Tay, upper and lower waters (H. W. Johnston, 
Esq., Dunros, and Mr. Lumsden, Superintendent of District, Perth), 
the Brora (Mr. T. Trussler, Brora, through D. M‘Lean, Esq., factor to 
His Grace the Duke of Sutherland). In addition to this, 2000 labels 
have been sent to E. W. L. Holt, Esq., who, in the interests of the 
Royal Dublin Society, is working at the migrations of the salmon in 
Treland, aid who has kindly offered to mark fish and transmit to me the 
results which he obtains. The extension of the system of marking 
secured by this arrangement will, it is hoped, benefit the salmon fisheries 
of both Ireland and Scotland. Since the commencement of the marking 
operations, 6000 labeis have been distributed. 
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THE FOLLOWING QUERIES HAVE BEEN SENT TO 
CLERKS OF DISTRICT BOARDS, AND OTHERS :— 


Take of Fish— 
1. Has the take of fish in your district in 1898 been above, about, or below 
the average— 
(a) In tidal waters ? 
(6) In fresh waters ? 
(c) By fixed engines ? 
(d) Generally throughout the district ? 


2. Can you give the number of fish caught in your district, exactly or 
approximately— 
(a) By net and coble? 
(b) By fixed engines ? 
(c) By rods ? 
3. At what period of the year in your district during 1898— 
(a) Were the first clean fish taken ? 
(b) When was the main take of salmon ? 
(c) When did the grilse and sea-trout run ? 


Ps 


. In order that accurate records be kept as to whether the run of salmon in 
your district is becoming earlier or later, it is desirable that you should, 
if possible, obtain and furnish me with statistics of the percentage of 
fish taken in each month— 

(a) By net and coble? 
(6) By fixed engines ? 


5, What was the weight of the heaviest salmon or trout caught in your 
district in 1898— 

(a) By net and coble? 

(b) By fixed engines ? 

(c) By rods ? 


Protection— 
1. Please state the amount of the assessable rental of your district in 1898 ? 
_ 2. What was the assessment levied thereon during this year ? 
3. State the number of water bailiffs employed in your district in 1898 ? 
4, Were any prosecutions instituted under the Salmon Fishery Acts in 
1898? Ifso, for what offences were they instituted, and what was the 
result ? 


Obstructions to the Passage of Fish— 

1. Give full particulars of any dams destroyed or disused in your district 
in 1898 ; or any new dams built or old dams altered ? 

2. Are the dams and cruives (if any) in your district worked in accordance 
with the provisions of the: bye-laws (Schedules F and G) regulating the 
same ? 

3, Have any fish-passes been built or altered in 1898 ? 

4, Do the existing fish-passes afford at all, or any, or at what times a free 
passage to salmon wishing to ascend ? 
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5. Have any natural obstructions been opened up during 1898 ? 

6. Generally, have any acts been done, either by new fisheries being started, 
old fisheries not being used, or in any other way, whereby the ascent 
of fish has been influenced? If so, state fully what changes have taken 
place. 


Pollutions— 
1. Were any fresh causes of river-pollution introduced in your district in 
1898 ? 
2. Were any steps taken in 1898 to remove causes of pollution; and if so, 
were they attended with success ? 


The Salmon Disease— 

1, Has the salmon disease shown itself in your district this year? If so, 
when did it first make its appearance ? When was it at its height ? 
When did it disappear ? ~ oh ae 

2. What was the level of the river during the prevalence of the salmon 
clisease ? 

3. Can you state the number of diseased salmon taken from the river in each 
month, specifying the proportion of male and female, of kelts and of 
clean fish ? 

4. Generally, have you any remarks or suggestions to make with regard to 
the salmon disease ? 


The Spawning Season— 
1. What was the earliest date, durmg the season of He 2S, on which 
salmon were noticed spawning ? 


2. Between what dates did the greatest number spawn ? 
3. When did the spawning season finish? - 
4. What was the level of the river during the spawning season ? 
5. Were the numbers of spawning fish more or less than usual ? 
6. Which were the principal spawning streams in your district ? 
Kelts — 
1. On what date, during last season, were kelts first noted migrating sea- 


wards ! 
When did the chief migration take place ? 
. When was the river free from kelts? 
; What was the level of the river during the period kelts were migrating ? 


Smolts — 
1. On which dates, during the year, were smolts noticed migrating? 
2. Was ita eece smolt year ? 


ondaeal Propagation of Salmon— 

Is there any hatchery in your district for the Feral propagation of salmon 
and trout, either belonging to the District Board or supported by private 
enterprise ? ? If so, describe its situation, and state how many ova have 
been secured during the past season. 


Proportion of Male to. Female Salmon— 
Can you state the proportion of the male to the female salmon in your district 
or river, specifying whether your return, so far as it goes, is based upon 
an estimate or on actual enumeration ? 


General Question— 
Are there any other points relating to the salmon fisheries in your district 
to which you would wish to direct the attention of the Board, in 
addition to those suggested by the preceding queries ? 
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ANSWERS TO THE FOREGOING QUESTIONS. 


THE DISTRICT OF THE RIVER FORTH. 


Take of Fish— ae 
' 1. (a), (6), (c), and (d) Below the average throughout the district. 

2. (a), (6), and (c) No. The tacksmen refuse to give any information. 

3. (a) 11th February ; (6) June, July, and August ; (c) grilse in June, July, 

and August, and sea-trout all the fishing season. 

4. (a) and (b) See answer to No. 2. The percentage cannot be given, but 
there is no doubt a great many more fish are taken by fixed engines 
than by net and coble. 

. (a) 48 lbs.; (b) 56 lbs.; (¢) 32 lbs. 


On 


Protection— 
1. £3,791 14s. 4d. 
2. 2s. 6d. per £. 
3. One superintendent and eleven bailiffs. 
4. Yes. Taking fish by small mesh nets, gaffing, jiggering, fishing with 
salmon and other roe and contravening bye-law (Schedule F). Con- 
victions obtained in every case but one. 


Obstructions to the Passage of Fish— 
. Nothing done. | 
2. Yes, An offender was prosecuted for contravening bye-law (Schedule F) 
at Craigforth Cruive in the River Forth. He was convicted. 
- 3, No, 3 
4, At the outlet works from Loch Venacher into the Teith, constructed by 
the Glasgow Corporation under the Waterworks Act of 1855, the 
Corporation are bound to construct the outlet thereby directed to be 
made so that salmon may at all times, or during such periods as water 
shall be discharged, freely pass into or from the loch. The works, in 
the opinion of the salmon fishery proprietors, are not constructed in 
terms of this obligation, which applies also to Loch Katrine outlet 
under the same Act. = Wire 
5. No. 
6. No. 


ps 


Pollutions— 
No; 
2. No. 


The Salmon Disease— e 

1. Yes. 1st December, 1897. End of January. April, 1898. 
_ 2. Very high. 

3. No. 


The Spawning Season— 

> iei6th November: 1897. <7 <-> 
. In December, 1897. 

. About 15th January, 1898. 

. Very high. 

. About the same. 

. Teith, Allan, and Forth. . _ 


Kelts— 
1. 10th December, 1897. 

* 2. February and March, 1898. 
3. End of April, 1898. 
4, Very high. 


— 


G> tr A OO bO 
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Smolts— 
1. March and Apel 1898. 
a 


Artificial Propagation of Suen 
No. 


Proportion of Male to Female Salmon — 
No. 
General Question— 
The fishings are very injuriously affected by hang or drift net fishing in the 
River Forth from Alloa Bridge to Culross. 


THE DISTRICT OF THE RIVER TAY, 


Take of Fish — 
i (a), (b), (c), and (d) Below average. 
. No. There will be a better opportunity of getting the numbers now that 

the net fishing is practically in the hands of one company. _(c) No. 

3. (a) Clean salmon are in Tay at all seasons of the year. (6) During July 
and August. (c) First Grilse, 15th May ; sea-trout, I dou’t know. 

4. (a) and (b) Impossible under resent arrangements. 

}. (a) 54 lbs.; (6) 44 Ibs.; (c) 564 Lbs. 


ee 
. Rental, £21,047 18s. 2d. 

2 Assessment, £1, 473 7s. 1d, being at the rate of 7 per cent. 

3. Twenty during close season. 

4. Generally for taking salmon either illegally or in close time ; chiefly 
convicted when detected. Number of cases tried, 24; involving 44 
persons, of whom 39 convicted ; complaints against 2 withdrawn, and 
3 not proven. 


Obstructions to the Passage of Fish— 

1. Dornoch Dam on the Earn having been damaged by floods, arrangements 
have “ae made for the breach remaining open so as to allow a passage 
for fis 

2. No; but the Board has recently issued a peremptory circular on the 
subject with good results. 

3, 4, and 5. A committee of proprietors on the Earn are negotiating with the 
view of removing obstructions and improving the fishings generally. 

. Notice may here be taken of the formation of a syndicate which has 
rented most of the commercial fishings with a view to their more 
economical working. This will probably i involve the less frequent fish- 
ing of some stations. 


Pollutions— 


1. Nothing, except the growth of the population and industries, chiefly 
leaching and dye works. 
2. No. 


The Salmon Disease— 

1. Yes; first observed towards end of October; at its height about end of 
December. I am not quite sure if it ever altogether disappeared. 

2. Usual winter conditions. 

. No; they are nearly level as to sex. About a score of clean salmon were 
found dead ; but they are mostly foul fish. 

4. I would just remark that a wet season is no cure for disease, and a dry 

season does not seem to make it any worse. 


Go t 


The Spawning Season— 
1. 3rd November, but they must have been spawning ae as one kelt was 
landed by rod in October. 
2. 15th November and 15th December. 
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. About 10th January. 

. About usual winter level. 

. Less, 

6. Tay, Earn, Ruchill, Isla, Tummel, Garry, and Lyon. 


oni 09 


Kelts— 
1. Middle of December. 
2. April. 
3. June. 
4, Usual spring conditions. 


Smolts— 
1. April and May. 
2. Very good. 


Artificial Propagation of Salmon— 
The salmon hatchery at Dupplin on Earn belonging to District Board ; 
about 400,000. The hatching capacity is 570,000, but we did not get it 
filled. 


Proportion of Male to Female Salmon— 
I would say there are more females than males, but I have never counted. 


General Question— 

The question of the legality of “toot and haul” nets has been before the 
Court of Session. Both the Lord Ordinary and the First Division have 
decided against these nets, The legality of “hang” nets has also again 
been raised, but both the Lord Ordinary and the First Division have 
felt themselves bound to follow previous decisions holding these nets 
to be legal, although their Lordships have carefully guarded themselves 
against desiring to add weight to these dlecided cases as to the soundness 
of which doubts have been expressed. It is probable that both cases 
will be carried to the Honse of Lords, 


EEE DISTINCT OF THE hI ER SOULH ES K, 


The answers were unfortunately too late for publication when received. 


THE DISTRICT OF THE RIVER NORTH ESE. 


No answers have been received. 


THE DISTRICT OF THE RIVER BERVIE. 


No answers have been received, 


THH DISTRICT OF THE RIVER DEE (ABERDEEN), 


Take of Fish— 

1. Pees, the average in each of these four cases. 

2. O. & 

3. (a) 11th February ; (6) February was the best month of the season, the 
grilse fishing poor; (c) grilse began to run, 15th April—sea-trout, 
11th February. 

4, JNo-information pot.on these pointii::.2: 0. 1) svece 0 Ek 

5, (a) 32 lbs,; (6) 46 lbs.; (c) 37 Ibs, Vines 4 ooci nes 
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Protection— 

be 17,420. 8s. 6d: 

2. Six per cent. on above assessable rental. 

3. Twenty-one. 

4. Fourteen prosecutions, Denti aaee 22 individuals. For having unseason- 
able salmon and poaching implements in their possession. One case 
not proven, another settled out of court, others fined from 7s. 6d. to £5. 
Twelve of the 14 cases went to prison. Terms of imprisonment from 
7 days to a month. : 


Obstructions to the Passage of Fish— 
1. No dams. 
2. No cruives. 
3. No. 
4, Does not apply to Dee District. 
5. No. 
6. No changes. 


Pollutions— 
1 and 2. Nochanges in this department since last year, but arrangements 
are in progress between the Town Council and District Board whereby 
- the sewage that had obtained fall into the lower Dee is to be carried to 
the sea at the Bay of Nigg. 


The Salmon Disease-— . 
1, 2, 3, and 4. No diseased fish seen in 1898, 


The Spawning Season— 
~ 1, 15th October. 
2. Upper river between middle of October and middle of November. 
Lower river between end of November and end of January. 
-3. Practically at the end of January. 
4, Largely flooded during whole spring time. 
5. Upper waters more than usual ; lower water less. 
6. Upper mi river and tributaries in upper district. 


oo 
. End of January. 
2 From 1st April to middle of May. 
3. Never quite free, but most free in July. 
4, Low. 


Smolts-- —. 
1, Early in April. | 
2. Yes. 
Artificial Propagation of Salmon— 
Board has constructed and maintains a hatchery at Drum, about 11 miles up 
the river. 1,000,000 ova put into the hatching boxes in 1898, 97 per 
cent, of which were successfully hatched and put into the river. 


Proportion of Male to Female Salmon— 
No information on this point. 


General Question— 
No. 


THE DISTRICT OF THE RIVER DON. 


Take of Fish—. 
-1. Below-the average in. each of these four cases. | 
2. No. 
3. (a) 11th February; (6) in month of J coat :; © grilse middle of ack: ; 
sea-trout llth February. 
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4, No information of a reliable kind on these points. 
5. (a) 38 Ibs.; (b) 43 lbs.; (c) 26 Ibs. : 


Protection— 

1. £3,429 18s. 11d. 

2, 23 per cent. on above assessable rental. 

3. Sixteen bailiffs, besides inspector, - 

4, Ten different JRO RSC AUTOS implicating 20 individuals, 15 of whom con- 
_victed, and 5 not proven. Having poaching implements or foul fish in 

their possession, Fines from £2 to £5, with option of imprisonment 
. for 7 to 30 days. The fines paid in one case; others went to prison. 


Obstructions to the Passage of Fish— 

1. No dams destroyed or given up, nor have any new dams been built or 
old dains altered. 

. The cruives are worked i in accordance with the bye-laws. 

None. 

. Fish can always ascend when river is high; but at Mugiemoss and 
Waterton Mill Dykes, ascent at lew w ater is impossible. 

5. None. 

6. None. 


a 


ers 
. No fresh causes of pollution, but existing sources are yearly i increasing, 

2, One source of pollution from the Great North Railway’s creosote works at 
Dyce put a stop to in 1898. The Town Council and the District Com- 
mittee of the County Council were called upon as sanitary authorities 
to put a stop to the pollution finding its way into the river from sources 
within their respective areas, and no result having followed, the matter 
was reported to the Secretary for Scotland, by whom representations 
en the subject have been made to both these bodies. Itis believed 
that there are now fair prospects of a comprehensive scheme being 
entered into by the Town Council, the District Committee, and the 
mill owners for dealing with the entire pollution at present bemg clis- 
charged into the river. 


ee Salmon Disease— | 
1. Only to a limited extent. First. appearance on 15th October, and worst 
about end of January. os Mca 
2. 10 to 12 inches above ordinary level. 
3. One male and one female fish, 15th October. Two male and two female 
2nd November, and 8 male and 11 female fish in December. About 
one half of these kelts. No clean fish showing signs of disease. 
4, The comparative absence of disease is believed to he due to the fact that 
river was high during the greater part of the winter. 


The Spawning Season— 
1. 5th November. 
2. Between 15th and 31st December. 
3. About 31st January. 
4, 10 to 12 inches above normal level. 
5. More than usual. | : 
6. Principal spawning grounds in upper district, particularly Alford and 
Kildrummy. 


Kelts— 
1. About the end of cr che 
2. About the middle of April. oe 
3. Never quite free, but most free at ond of June. 
4. Normal. 


Smolts— 
1. Middle of April. 
2. Fairly good. 
Artificial Propagation of Salmon— 
Small hatchery at Fish Street, capable of receiving 60,000 ova. Ova 
actually put in 1898, 55 ,000, of which over 40, 000. were hatehed, and 
put half into the Dee and half into the Don,” “16° to -18- miles above 
Aberdeen. 


20 Appendices to Seventeenth Annual Report 


Proportion of Male to Female Salmon— 
No specific information as to this, but proportions believed to be about 
equal. 


General Question— 
One very special grievance on the Don is at Stonywood Paper Mills, be- 
longing to Messrs. Pirie & Sons, Limited, where, at the normal level of 
the river, by reason of the abstraction of water for the mills, about 250 
yards of the river is practically completely dried night and day during 
the six working days of the week, and partially so even on Sundays. 


THE DISTRICT OF THE. RIVER YTHAN. 


Take of Fish— 

. (a), (b), (c), and (d) Below the average. 

. (a) and (6) No; (c) about 70 salmon. 

. (a) 25th February; (0) and (c) August. 

. The tenants will not give information on these points. 

. (a) The tenants will not give information on these points; (6) 41 lbs. 
salmon, 102 lbs. sea-trout ; (c) 26 lbs. salmon. 


Ore GO bo 


Protection— 
1. £1,298 10s. 
2. £:121759 per £ (a little over 2s. 5d.). 
3. One all the year round. Four assistants from autumn to spring. 
4. Five—and in each ease a conviction was obtained. Two were for being 
in possession of foul fish ; one for “burning the water,” and two for 
trying to catch fish by means of a spear or gaff, 


Obstructions to the Passage of Fish— 
lean ome: 
2. We have no cruives. 
3. None. 
4. The intake on Ebrie Burn at Meal Mill of Kinharrachy does not afford 
a free passage to salmon wishing to ascend. 
5. None. 
6. None. 


Pollutions—. 
1. None. ; 
2. Unnecessary to take any steps. 


The Salmon Disease— 
1. Yes; December, 1897 ; January, 1898. April. 
2. River was very low during disease, 


The Spawning Season— 

. 2nd November, 1897. 

. From 15th December to Ist January. 

. About beginning of February. 

. The river was high during first part of spawning season. 
. About same as usual. 

. Ythan, Fordoun, Little Water, Ebrie, and Bronie. 


Ook woe 


Kelts— 
3. May. 


Smolts— 
1. First week of May. 
2. Very good. 


Artificial Propagation of Salmon— 
None, o 


of the Fishery Board for Scotland. 21 


Proportion of Male to Female Salmon— 
Upon estimate, I would say 5 male to 4 female. 


General Question— 
No. 


THE DISTRICT OF THE RIVER UGIE. 


Take of Fish— 

1. (a), (b), (c), and (d) Below the average. 

2. The number of fish caught is approximately as follows :—(a) About 1,300 
sea-trout; (b) about 1,700 salmon and grilse ; (c) about 48 salmon and 
orilse. 

3. (@) March 10th; (6) From the middle of August till 9th September ; 
(c) During July and August. 

4. The salmon fishings are in the hands of private enterprise, and the 
tacksmen still decline to keep any record or give information. 

5. (a) No record ; (6) salmon, 34 lbs. ; (c) salmon, 18 Ibs. 


Protection— 

. £507 10s. 

Is, Igd. per £. 

. Five. 

. There were no prosecutions. 


= Oo DO 


Obstructions to the Passage of Fish— 

1. There have been no alterations on the dams during the year 1898, and no 
new ones have been built. 

. The dams are worked in accordance with the provisions of the bye-laws 
(Schedules F and G) regulating the same. The cruives are not worked 
at all, except for the catching of fish for the hatchery. 

3. No fish-passes have been built or altered. 

A, The existing fish-passes afford a free passage to salmon at half-flood, 

5. None that I know of. 

6. None. 


bo 


Pollutions— 
1 and 2. There have been no causes of pollution during the year 1898. 


The Salmon Disease— 

1. The salmon disease first appeared on 17th January, 1898. It seemed 
worst towards the end of February. The last diseased fish was taken 
from the river on 23rd May. 

2. Low. 

3. January—-10 males and 3 females ; February—18 males and 25 females ; 
March—11 males and 15 females; April—2 males and 3 females ; and 
May—1 male. All kelts. 

4, None. 


The Spawning Season— 
1. November 27th 1897. 
2. Between 10th and 20th December 1897. 
3. About the end of December. 
4, Low. 
5. Average. 
6. About Stonemill and on the North Ugie. 


Kelts— 
1. 24th January. 
2. First week of February 
3. End of May. 
4. Half-flood. 


C 
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Smolts— 
1. Between the middle of April and the end of May. 


9. Fair. 


Artificial Propagation of Salmon— 

An old hatchery at Inverugie was last year repaired and put in working 
order, but owing to heavy flooding of the river during the spawning 
season no salmon could be caught, and consequently no ova were got. 
30 Loch Leven trout ova were bought and put into the hatchery, and 
have been all successfully hatched. 


Proportion of Male to Female Salmon— 
Five males to three females, based on estimate. 


General Questions— 
None. 


THE DISTRICT OF THE RIVER DEVERON. 


Take of Fish— 
1. (d) Below the average. 
2. No. 
3. (a) 11th February; (b) February, March, and August; (c) July. 
5. (a) 31 lbs.; (b) 464 Ibs.; (c) 29 Ibs. 


Protection— 
1525979 25) de 
2. For protection, 2s. 23d.; for repayment of loan and interest, 3s. 52d; in 
all, 5s,.8d. per £. 
3. Nine. 
4, Three cases of illegal fishing. Fined 30s. with 7s. of expenses each, and 
implements forfeited. 


Obstructions to the Passage of Fish— 

The cruive dyke belonging to His Grace the Duke of Fife was removed on 
llth February, 1898. The early net fishing was not prejudicially 
affected thereby. Later in the season the net fishing was not so success- 
ful. A few early fish were caught by the rod in the upper reaches. 
The autumn rod fishing was a failure throughout the entire river. 


Pollutions. 

The sewage of Keith and the discharges of some distilleries and a cloth factory 
falling into the Isla, have led to complaints of the pollution of that 
tributary of the Deveron, but its effect was never visible on the 
river. A new system of drainage for the town, which will include the 
disposal of the distillery and other refuse referred to, will be adopted 
early, and any ground of complaint will thus be removed. 


The Salmon Disease— 
1. Yes, very little. 
2. Low. 
3. eee 66; January, 47; February, 40; March, 20. 10 per cent. 
emale, 


The Spawning Season— 

. 20th October. 

lst November and 31st December. 
. dlst January. 

. Flood, half-flood, and low. 

. About the average. 

Generally throughout the district. 


> OT OO BD 
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Kelts— 
1. Middle of November. 
2. April. 
3. lst May. 
4, Half-flood. 


Smolts— 
1. 19th April; 9th May. 
2) Fair. 


Artificial Propagation of Salmon— 
Yes, but not used during past season. 


Proportion of Male to Female Salnon— 


Five female to one male. On actual enuineration of fish killed in river by 
net. 


General Question— 


TE DISTRICT OF THE RIVER SPEY., 


Take of Fish— 
. (a), (b), (c), and (d) Below. 
No 


—_ 


Co bo 


. (a) 11th February ; (0) Scarce all the season; (c) July sea-trout, May 
grilse, very scarce. 

. No statistics available. 

. (a) 35 lbs.; (b) 35 Ibs.; (c) 34 Ibs. 


oe 


Protection— 
1. Assessable rental, £11,633. 
2. Assessment at 2s. 24d. per L=£1,284 9s. 6d. 
3. One superintendent, one inspector, and forty-four bailiffs; also two 
special bailiffs for pollution detection. 
4, See Superintendent’s Annual Report herewith sent. 


Obstructions to the Passage of Fish— 
1 See Report. 
2. None used in district last year. 
3. See Report. 
4, See Report. 
5. No. 


Pollutions— 

1. Two or three new distilleries. 

2. Action in Court of Session—Lady Seafield and others against R. Kemp, 
Macallan Distillery. Pollution found proved by Lord Kyllachy. 
Time given for remedial measures, failing which, interdict may be 
moved for. Judgment appealed to Inner House, but substantially 
affirmed. 


The Salmon Disease— 
1. See Report. . 
2. Various. 
3 and 4. See Report. 


The Spawning Season— 
1. 4th October. 
2. lst November and 3lst December, 
3. April, 
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4, Various. 
5 and 6. See Report. 


Kelts— 
2. December. 
3. July. 
4, Various. 


Smolts— 
1. April, May, June, July, and August. 
2. See Report. 


Artificial Propagation of Salmon-— 
See Report. 


Proportion of Male to Female Salmon— 
See Report. 


General Question— 
No. 


The following is a copy of the Superintendent's Annual Report for the 
year ending 26th August 1898, submitted to the Meeting of the Spey District 
Board held at Elgin on 21st October, 1898 :— 


L.—Salmon Spawning. 
The following Table shows the dates of the first appearance of Salmon 
Spawning Beds, and the number seen by bailiffs during the last three 
spawning seasons on the following named streams or tributaries :— 


1895. 

Name of Stream. Spawning Commenced. He gt eeee 
Fiddich - - - Ist October 715 
Avon - - - 15th * 1550 
Livet - - ea 16th |. 5, 1300 
Conglass - - EA WAT ieiyy 273 
JLochy - - - 14th a — 90 
Dulnain - - Peeloth. ap 420 
Nethy : ' | ees. 429 
Druie - - = 15th K. 153 
Feshie - - - 14th . 812 
Tromie - ealGth ~~ 4. 158 
Truim = - eel 7th m3 159 
Spey (above Laggan, Badenoch) 15th _,, 144 

Total, - - - 6203 Spawning Beds. 
1896. 

Name of Stream. Spawning Commenced. Hos Cowes 
Fiddich  - . - 6th October 292 
Avon - - of Oth - 754 
Livet : = = 44th - Lie 
Conglass_ - - - 14th * 189 
Lochy - - = -2yqt ine 74 
Dulnain - - - 13th = 868 
Nethy  - - == loth _ 418 
Druie . - - 138th 5 215 
Feshie_ - - - | 12th . 636 
Tromie - - - 17th “ 210 
Truim : - 14th - 198 
Spey (above Laggan, Badenoch) 10th 55 151 


Total, - - - 4778 Spawning Beds 
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1397, 
Name of Stream, Spawning Commenced. Ds abe 
Fiddich - - - 7th October 657 
Avon - - . 6th mn 1200 
Livet - - - 14th i 1534 
Conglass— - - ~ *iSth a 312 
Lochy - - = + TSthy 104 
Dulnain - - - 14th - 464 
Nethy - - = ~ 19th 4 185 
Druie - - - 12th i 200 
Feshie - - - 13th - 528 
Tromie - x ee tet Be 154 
Truim - - - 20th x. 119 
Spey (above Laggan, Badenoch) 4th 5; 204 
Total, - - . 5661 Spawning Beds. 
TABLE OF ELEVEN YEARS’ SPAWNING BeEps. 

Total number of Beds for year 1887 - - - 3,849 

Do. do. 1888 - - - 5,637 

Do. do. 1889 - : - 2,932 

Do. do. 1890 - : - 2,768 

Do. do. 1891 - - 4,591 

Do. do. 1892 - - . 5,287 

Do. do. 1893 - - - 4,635 

Do. do, 1894 - - - 7,214 

Do. do. 1895 - - - 6,203 

Do. do. 1896 : - = 4,778 

Do. do. 1897 : - - 5,661 


The spawning season of last year shows an increase of 883 spawning beds 
when compared with the previous season of 1896-97. At the end of Septem- 
ber, and during the whole of October last year (1897), an unusually heavy 
run of fish ascended the river Spey, and many of these, especially grilse and 
sea-trout, found their way into the Avon and Avon tributaries. At end of 
October in the upper district of Livet and its tributaries grilse and sea-trout 
were literally swarming, and the stream channels all but wholly trenched 
over with their spawning beds. I witnessed this myself on 31st October on 
the higher reaches of Livet and on the Bly, at which time these streams, in 
consequence of a spell of dry weather, were in their normal size, thus making 
it arduous work for the district bailiffs to protect and preserve such a large 
number of fish, which had in many cases on several spawning fords scarcely 
enough water to cover them. At this time a somewhat similar state of things 
prevailed in the upper Avon and its tributaries, which I visited on Ist Novem- 
ber investigating a poaching case. Last season’s results on Fiddich are 
somewhat astonishing, considering that during the late summer and early 
autumn months the channel of this stream in the Dufftown and downward 
district was more like an open sewer or cesspool than that of a pellucid stream 
such as Fiddich used to be. The number of spawning beds for the season 
upon this stream was 657, compared with 292 beds for the previous season, 
To account for this it must be understood that some 400 of last year’s 
spawning beds were those of sea trout, and all spawned in the Auchindoun and 
Glenfiddich upper reaches. The other 257 beds were principally made up of 
erilse which also spawned in the Auchindoun district. The spawning in the 
Fiddich district was practically over last year by the end of December, at 
which date in former years, or until within the last three or four years—in 
plain speaking, during the ante-distillery pollution days-—was the middle of 
or principal season of the Fiddich salmon spawning season over that stretch 
lying between Tullochallum and Fiddich mouth, and which in those days 
continued on to end of January, when there would have been at least 500 or 
600 salmon spawning beds counted yearly between Dufftown and the mouth 
of Fiddich. The greater number of the few salmon which spawned in Fiddich 
below Dufftown last season died of disease and were buried by the bailiffs, and 


tr 
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their deposited ova, owing to the polluted state of the stream, will in all pro- 
bability be poisoned, and thus be rendered useless through the pollution. The 
comparative figures giving increase or decrease of spawning beds for last two 
spawning seasons over the tributaries are as follows :—Increase for last season 
—Fiddich, 365 beds; Avon, 446 beds; Livet, 761 beds ; Conglass, 123 beds ; 
Lochy, 30 beds; and Spey (above Laggan, Badenoch), 53 beds. The 
tributaries, on the other hand, showing a decrease of spawning beds were— 
Dulnain, 404 beds; Nethy, 233 beds; Druie, 15 beds; Feshie, 108 beds ; 
Tromie, 56 beds; and Truim, 79 beds. It will thus be seen that there was a 
big increase of beds in the lower tributaries and a large falling off upon the 
upper or higher reaches of Spey tributaries, with the one exception of Crathie, 
Laggan, top reach of Spey, which as an upper stretch alone shows an increase 
over the previous season, this district being clear of pollution from distilleries. 
The first-named big increase was, as I have already stated, the result of a 
heavy run of autumn fish. The falling off in the upper Spey tributaries I 
consider to have been caused by the run of summer fish not being so numerous 
as they were during the previous summer of 1896, more especially grilse, which 
were during the summer months of said year very scarce in sea and river, 
but which in the late autumn showed themselves pretty numerous upon-the 
spawning beds on the lower tributaries. The spawning upon the river Spey 
from Carron to Grantown was a very good average, and salmon continued upon 
the redds in the Cromdale district up till 5th March. I do not consider that 
spawning beds formed and worked upon by spawning fish over the whole of 
the district last season have suffered or been injured by high spates or ice floes, 
with the one exception of that of the Feshie, which suffered somewhat through 
the result of a rapid local spate which took place in that district about the 
second week of November, and which uprooted a number of spawning beds in 
the middle reaches of the river. 

Notes by the Bailiffs, same as last year, by order of the Board, were kept, 
giving the number of spawning beds counted on the river Spey on that part of 
the river lying between Boat o’ Brig and Carron Bridge. The Bailiffs’ 
respective records were as follows:—On Aberlour beat, Carron Bridge to 
Tunnel Pool, 82 beds ; Craigellachie beat, Tunnel Pool to Bulwark, 108 beds ; 
Rothes beat, Bulwark to Hollybush, 366 beds ; Boat o’ Brig beat, Hollybush 
to Boat 0’ Brig, 252 beds; and Mulben Burn, 40 beds—total, 848 spawning 
beds, being a decrease of 415 beds when compared with the number counted 
upon the same ground during the previous season of 1896-97. No discrepancy 
in the equal matching of male and female spawning fish while uponj the 
spawning redds was observable by the Bailiffs during the season. 

The carrying out a cut through the shingle bank or beach to permit of a 
new or direct run of the river into the sea at Speymonth near Tugnet, which 
was sanctioned by the Board at their meeting held at Elgin on 22nd October, 
1897, was proceeded with, subject to all the necessary legal proceedings and 
sanction having been carried through and obtained. The work was com- 
menced about the 20th November last by a large force of some sixty workmen, 
and the river turned into a new run on the 18th of the following month— 
December, 1897. The diversion of the river mouth has now given a direct 
run into the sea, and has given every satisfaction. Tacksmen of salmon net 
fishings and their fishermen along the coast to the east of Portgordon have 
expressed themselves to the effect that the new mouth will benefit them by 
increasing the attraction to fish to come inshore. — I visited the old mouth on 
10th September last, and found that the action of the sea has now completely 
closed up the old outlet with a high beach of shingle. I understand that 
ny expense of carrying out the new cut somewhat exceeded the estimated 
£200. 


I1.—Smolt Season. 


The appearance of descending smolts during the spring and summer months 
upon the river and tributaries was a fair average one. During the principal 
migrating season, April to June, eight Bailiffs were carrying out the special 
duty of protecting smolts or salmon fry from 25th April till 4th June, a 
period of six weeks. The Bailiffs in question were stationed as follows :—One 
in Speymouth district, one at Rothes, one at Dufftown, one at Aberlour, one on 
Upper Avon and Livet, one at Ballindalloch, one at Grantown, and one at 
Duthil, Twenty-eight dozen of printed notices cautioning persons against 
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killing smolts, parr, or salmon fry were posted up along the sides of the river 
and tributaries all over the district. All of the trout anglers met with by the 
Bailiffs were found agreeable and willing to show their respective “ takes” 
for inspection. A force of Bailiff’ again went on parr or salmon fry pro- 
tection duty at the begining of August. 


III.— Disease among fish. 


The following is a detail of mortality or disease among spawning fish, which, 
during the last ten years, I have noted or tabulated in my yearly report as 
resulting among fish in the Fiddich during each spawning season. During 
the ten years in question (1889 to 1898) I have given the death percentage of 
fish, the percentage being the number of deaths to the number of spawning 
beds counted upon the stream during the season. During the last year, 
1897-98, the number of spawning beds counted was 657, and the number of 
dead fish removed from the stream and buried by the Bailiffs was 113, or 
somewhat over 17 per cent., or 10 per cent, above the previous year’s mortality, 
and two per cent. above the average percentage during seven years previous to 
last year. The death percentages for last ten years were as follows :—-1889, 13 
percent sw So0,-ls) percent. ; 1891, 8 per cent: ; 1892, 16 per cent. ; 1893; 
19 per cent. ; 1894, 8 per cent. ; 1895, 9 per cent.; 1896, 21 per cent. ; 1897, 
7 per cent. ; 1898, 17 per cent. The first dead fish was found on 30th October, 
and the heaviest death rate was during the month of January, among the fish 
which had spawned during the preceding month. With a very few 
exceptions, the dead fish were spawned, and were composed as follows :—Male 
sea trout, 2; female do., 8; male grilse, 62 ; female do., 1; male salmon, 31 ; 
female do., 9—total, 113. 


IV.-—Poaching during the Year. 


Three cases of salmon poaching during the close time, implicating five 
persons, were detected during the season. The accused in one of the cases was 
tried and convicted before the Sheriff Court at Inverness, and sentenced to pay 
a fine of 10s., with £2 4s. 10d. of expenses, or fourteen days’ imprisonment. 
The accused person in another case was convicted before the Sheriff Court at 
Banff, and sentenced to pay a fine of £2, with £1 7s. 6d. of expenses, or seven 
days’ imprisonment. Three accused in another case were brought before a 
J.P., and admonished. During the open time two persons were found angling 
on Spey and having smolts or salmon fry in their possession. They were 
taken before a J.P., and cautioned and admonished. 


V.—Bye-Laws. 


The Bye-laws relating to dam dykes, mill lades, sluices, hecks, &c., were 
fairly well attended to during the season. The mill lade, sluices, and dam 
dyke at Dell of Druie Sawmill at Rothiemurchus have not been kept quite in 
conformity with the requirements of the Bye-laws for some seasons back, but 
some improvements have been made upon them during the last few weeks 
which will have the effect of improving matters for the coming season, A new 
dam dyke on the Dullan at Dufttown is to be erected for a lade to give driving 
power to the Mortlach Distillery. This new dyke is to take the place of the 
present dam dyke erected some ten years ago, and which will be removed on 
completion of the new one, which will be situated some 300 yards further up 
the stream, and which is to be constructed in accordance with the require. 
ments of the Bye-laws. 


V1I.—General Remarks. 


I advocated strongly in a report to the Spey Board last year as to the 
advisability of opening up the mouth of the river Druie to permit of a run for 
spawning fish getting up to fine spawning redds on the Druie and its tributaries. 
The present state of the mouth is all but a complete obstruction to fish. I 
am of opinion that there would now be no objections or conditions placed in 
the way of having this essential piece of work carried out. 


The river and sea coast net salmon fishing opened on 11th February, and 
closed again for the season on 26th August. The observance given by the 
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tacksmen of fishings and their respective managers and fishermen in carrying 
out the observance of the weekly close times all over the district during the 
season was all that could in reason be desired, the “slapping ” of nets being on 
ail occasions strictly attended to when the same was practicable, or, in other 
words, when then there was no danger or risk to life in carrying out the work. 
The carrying out of this work during the season was regularly inspected by 
the Superintendent, the Inspector, and Sergeant Alex. Mackintosh. 


During the early months of last summer, 840,000 salmon fry were trans- 
ferred from His Grace the Duke of Richmond and Gordon’s Hatchery at 
Fochabers and deposited in the river Spey. This is now the sixth enormous 
consignment of fry placed in the river from this Hatchery. I visited it on 
two or three occasions during the spring and early summer months, and the 
show of fry in the boxes was in no way inferior to the high class quality of the 
fry of former seasons at this place, the only difference being an increase of 
some 300,000 fry over the last year and previous years. This was the result of 
the Hatchery premises being duplicated in size during last autumn. The 
extension of the house embraces eight new ova boxes with the latest improved 
enamelled tile lining, and capable of hatching 240,000 ova, also a large con- 
crete impounding tank, well supplied with pure fresh water, and capable of 
keeping 100 salmon. This last mentioned acquisition is of material importance 
in lessening the otherwise laborious work of securing ripe ova to stock the 
boxes. Fishing for male and female salmon for the purpose of obtaining ova 
from the same on the spot means no end of toil and disappointment, as the fish in 
question must necessarily be just ripe for spawning, and, where such an enor- 
mous quantity of ova is required, it is only those who have taken part in such 
work who actually know the amount of labour and expenseincurred. Fish about 
ready or almost ripe are not so difficult to obtain. This last mentioned class 
are consequently retained and deposited within the Hatchery impounding 
pond, when in the course of a few days they will allow of being stripped, and 
the ova thus secured placed in the boxes and the stripped fish returned alive 
to the river. An impounding pond on a large scale for the retention of the 
hatched fry for the culture in the parr stages after they leave the Hatchery 
would certainly entail much work and expense, but, should a suitable place 
for such be selected, it would put this Hatchery in the first rank with any 
Hatchery in the country. 


The full force of Bailiffs or Spey Police is constituted as follows :—The 
Superintendent, residing at Aberlour ; the Inspector, stationed at Grantown ; 
eight Sergeants and thirty-seven Constables. 


GEORGE K. MACGREGOR, Superintendent. 


THE DISTRICT OF THE RIVER FINDHORN, 
Take of Fish— 
. (a), (b), (c), and (d) Below average. 
. (a), (b), and (c) I can give no information. 
. (a) 11th February; (b) April and May; (c) May, June and July, fine 
trout may be got throughout the season. 
. (a) and (b) I can give no information. 
. (a) Salmon 36 lbs.; trout 3 lbs; (6) salmon 44 lbs.; (c) salmon 16 Ibs. 


were 
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Protection— 

. £3,436. 

» £345, 

. Three permanent watchers and thirteen watchers employed during 
x Paane season. 
0. 


aa Woe 


Obstructions to the Passage of Fish— 
1. No obstruction to the passage of fish on the river Findhorn. 
2. No dams, &c. 
3. No fish-passes. 
4, 5, and 6. No. 
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Pollutions— 
1. No pollutions. 
2. No. 


The Salmon Disease-— 
1, 2,3 and 4. No salmon disease. 


The Spawning Season— 

. Upper district, 11th October; lower district, 18th November. 

. Upper district, between 24th October and 24th November ; lower district, 
December and January. 

. Upper district, Ist December ; lower, end of January. 

. Above the ordinary level during the whole season. 

. About the average. 

. Upper district, between Drynachan and Coignafeam; lower, between 
Waterford and Sluie. 


Kelts— 
1. Kelts begin to migrate seaward after the spawning season is over. 
2. January and February. 
3. May. 
4, Same time flood, half-flood, and ordinary. 


nope 


Sok OO 


Smolts— 
1. From the middle of March to the end of May. 
2. A good average. 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
I cannot tell. 


General Question— 
No. 


THE DISTRICT OF THE RIVER NAIRN. 


Take of Fish— 

1. Below the average all over. 

2. (a) Approximaiely ; (b) about 4600 ; (c) about i05. 

3. (a) February 11th; (0) April; (c) grilse, August and September; sea 
trout, June. 

4. The question of the run of fish being early or late depends here mainly 
on the season. If season dry and water continues low, they are late. 
The following is thought to be approximately a correct statement of 
the fish taken each month by fixed engines :— 


February. March, April. May. June. July, August. Total. 
Salmon......... 95 205 500 400 200 150 160 1710 
Guilsen tens. sae 6 300 2000 584 2890 


Protection— 
1. £1135 10s. 
2. 1s, 4d. per £. 
3. One regularly, with one assistant regularly in autumn, besides casual 
assistance. 
4, No. 


Obstructions to the Passage of Fish— 
1. None. 
2. Yes. 
3. No. 
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4. Yes; unless for a time in summer when water very low. 
5. No: 
6. No. 


Pollutions— 
ie No. 
2. No steps taken. 


The Salmon Disease— 
1 No: 
4, No. 


The Spawning Season— 

November 8th. 

Between November 20th and December 25th. 
About January 12th. 

Between low and half-flood. 

About an average. 

The Nairn and Inverern. 


Se hae oe 


Kelis—— 
1. About 1st February, 
2. In March. 
3. About Ist April. 
4, Half-flood. 


Smolts— 
1. From 20th April to lst June. 
2. No. 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
Upon an estimate there are 5 per cent. more female than male salmon. 


General Question— 
Attention may be drawn to the destruction done to the smolts by wild birds 
in small rivers when migrating to the sea. 
(The birds referred to are the black-headed gull, the black-backed 
gull, and the water ousel.) 


THE DISTRICT OF THE RIVER NESS. 


Take of Fish— 


1. (a), (4), (c), and (d) About the average. 
2. About 33,000. (a), (b), and (c) No details. 
3. (a) 11th Februar y ; (6) February and March ; (c) June, July and August. 
4. Information cannot be obtained. 
5. (a) Salmon, 42 lbs.; (0) salmon, 40 lbs.; (c) salmon, 39 lbs. 
Protection-— 
1. £3510 5s.., 
2. 1s. 9d. per £. 


3. One superintendent, three permanent, and three temporary watchers. 

4. Yes; against a crew of Cromarty fishermen for fishing with a small- 
meshed sweep-net and killing fish of the salmon kind. Conviction 
obtained, and crew fined £3 each, with 16s. expenses, or fourteen days’ 
imprisonment. 


Obstructions to the Passage of Fish— 
1. No dams destroyed or built. 
2. No cruives. 
3. None. 
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4. No. Dochfour fish-pass with low water does not afford a free passage for 
salmon ascending. 

5. None. 

6. Nothing has been done. 


Pollutions— 
1. None. 
2. None. 


The Salmon Disease— 
1. No disease in the district last season. 


The Spawning Season— 

. End of October. 

. November and January. 

. End of January. 

. Cannot say. 

. About the average. 

Ness, Garry, Morrison, Enerick, Oich, Kingie, and Quoich, 


> OB 8 DO 


Kelts— 
1. 11th February. 
2. March and April. 
3. Middle of May. 
4, Cannot say. 


Smolts— 
1. April. 
2. Average. 


Artificial Propagation of Salmon— 
There is a private hatchery at Glenquoich, supported by Lord Burton, 
No salmon ova are hatched in it. 


Proportion of Male to Female Salmon-— 
In the month of December and early in January there are four males to 
one female. 
General Question— 
Nothing to add. 


THE DISTRICT OF THE RIVER ALNESS. 


Take of Fish— 

1. (a), (4), (c), and (d) Below the average. 

2. (a), (b), and (c) Impossible to obtain information on this subject from the 
lessees of the fishings. 

3. (a) About beginning of net fishing on 11th February; (6) from 1st July to 
middle of August ; (c) from June to end of August. 

4, (a) and (b) Unable to furnish you with number of fish taken each month, 
but July always the best month here for both net and coble. 

5. (a) About 25 lbs.; (c) about 15 lbs. 


Protection— 
1. £607 10s. 
2. 6s. per £. 
3. One permanent inspector and four temporary bailiffs. 
4. None. 


Obstructions to the Passage of Fish— 
1. No dams built or altered. 
2. Yes. 
. No fish-passes built or altered in 1898. 
Yes. 
No. 


oaeee 
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6. The net fishing at mouth of river was closed on 12th instead of 26th 
August with the view of improving the river, but, owing to the lowness 
of the river at that time, it did not do much good. 


Pollutions— 
1, None. 
2. No case of river pollution in our district. 


The Salmon Disease— 
No salmon disease in Alness district. 


The Spawning Season— 

. 25th October. 

. Ist November and 15th December. 
. About 25th December. 

. About half-flood. 

Less. 

. Upper reaches of Alness River. 


Kelts — 
1. About Ist March. 
2. From the middle of March to the end of April. 
3. In the beginning of June. 
4, Flood and half-flood. 


D> OO wo bo 


Smolts— 
1. From beginning of April to middle of June. 
2. Fair. 


Artificial Propagation of Salmon — 
There is a hatchery at Balnacraig belonging to the Alness Board, which can 
hatch out over 100,000 ova. This year we secured about 30,000 ova, 
which have hatched out very well. 


Proportion of Male to Female Salmon— 
The water-bailiff cannot give definite information regarding this, except that 
he noticed, while fishing to secure ova during the spawning season, 
about six males for every female were landed. 


THE DISTRICT OF THE RIVER CONON. 


Take of Fish— 

1. (a) and (b) Salmon and grilse below the average; (c) below the 
average; (d) salmon caught with the rod in the Brahan Castle waters, 
considerably above the average ; in the Fairburn angling waters, about 
the average ; other angling waters, below the average. 

3. (a) 13th February; (b) March, April, May, and June ; (c) grilse ran from 
the middle of May to the close of the fishing. The main run of sea- 
trout is in March and April. Clean sea-trout in tidal waters of Conon 
at all seasons. . 

5. Nets were caught weighing over 20 lbs.; (b) about 29 lbs.; (ce) 
27 lbs. 


Protection-— 
3. One permanent inspector and four temporary bailiffs. 


Obstructions to the Passage of Fish— 

2. There is one dam in this district ; it is not worked in accordance with the 
bye-law, Schedule F. There are two cruives in this district; they are 
worked in accordance with the bye-law, Schedule G, regulating the 
same. 

3. No. 

4, Yes; at ail times : 

6. The Brahan net and cruive fishing have not been worked during the last 
nine seasons, whereby large numbers of salmon and grilse have ascended 
to the angling waters. 
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Pollutions— 

1. Yes; the distillery at the Muir of Ord has been enlarged to about four 
times its original size in 1898, thereby sending down to the river Conon 
large quantities of burnt ale. 

No. 


The Spawning Season— 

1, About the 6th of October. 

2. Between the Ist and 10th November. 

3. About the end of November. 

4, The river was in high flood from the ist of November until the 9th. 
During the rest of the month the river was in half-flood. 

5. The number of spawning fish on the beds was less than nsual. 

6. There are good spawning grounds in the River Conon from the tidal 
waters, and in the tributaries Blackwater, Orrin, and Meig. 


Kelts— 
1. In the beginning of March. 
2. From the middle of March to the end of April. 
3. About the beginning of June. 
4, Flood, half-flood, and low. 


Smolts— : 
1. The lattter end of March, April, May, and June. 
2. Yes ; fairly good. 

Artificial Propagation of Salmon— 

There is a salmon hatchery in this district at Conon Bridge. It partly 
belongs to Colonel Mackenzie of Seaforth, and partly to the District 
Board. It is capable of hatching about 200,000 salmon ova. During 
the Jast two seasons I have sent a number of Conon ova to Brawl 
Castle, and got in exchange a like number of Thurso ova. When the 
salmon fry are seven weeks old, they are transferred to the lower reaches 
of the River Conon. 


THE DISTRICT OF THE KYLE OF SUTHERLAND. 


Take of Fish— 
1. Much below the average. 
2. No accurate information obtainable. 
3. (4) On the 11th February; (6) May and June; (c) June and July. 
4, No information. 
5. 45 lbs.; by net and coble. 


Protection— 
1, £2838. 
2. Is. 5d. per £=£201 Os. 6d. 
3. Fifteen watchers. 
4, One, for allowing bag-net leader to remain in the sea during the weekly 
close time. Result, conviction. 


Obstructions to the Passage of Fish— 
1. None. 
As far as possible. 
No. 
ee is usually sufficient water to afford a free passage. 
No. 
. No change since 1897. 
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Pollutions— 
LNo; 
2 No: 
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The Salmon Disease— 
1. No. 


The Spawning Season— 

, drd September, 

. 9th Oetober and 5th December. 

. 25th December. 

High. 

. Somewhat more than nsual. 

. Rivers Shin, Oykell, Carron, Blackwater, and Evelix. 


Op oo toe 


Kelts— 
2. March. 
3. May. 
4. In flood. 


Smolts— 
1. 20th May. 
oP aes: 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
No. 


General Question— 
For the better regulation and development of the fisheries the Kyle net- 
fishings are now carried on by a syndicate. 


SUTHERLAND, EAST AND WEST COAST DISTRICTS. 


Take of Fish— 

1. (a), (b), (c), and (d) Below average. 

2. (a) 1022 salmon, 349 grilse, 230 trout ; (b) 3037 salmon, 8066 grilse, 949 
trout ; (c) Helmsdale, 667 fish ; Brora, 380 fish ; Fleet, 40 fish. 

3. (a) January; (b) March; (c) June and July. 

4, (a) February, salmon 17°61 per cent.; March, salmon 37°78 per cent.; 
April, salmon 14°78 per cent.; May, salmon 10°18 per cent., grilse 0°86 
per cent.; June, salmon 13°40 per cent., grilse 36°96 per cent., trout 
56°96 per cent.; July, salmon 3°42 per cent., grilse 38°97 per cent., 
trout 16:09 per cent.; August, salmon 2°83 per cent., grilse 23°21 per 
cent., trout 26°95 per cent. (b) February, salmon 1°32 per cent. ; 
March, salmon 4°34 per cent.; April, salmon 10:21 per cent., grilse 
0-01 per cent., trout 6°75 per cent.; May, salmon 20°97 per cent., grilse 
0°46 per cent., trout 10°23 per cent.; June, salmon 32°20 per cent., 
grilse 34:07 per cent.; trout 35°91 per cent.; July, salmon 25°33 per 
cent., grilse 58°40 per cent., trout 40°47 per cent.; August, salmon 
5°63 per cent., grilse 7°06 per cent., trout 6°64 per cent. 

5. (a) 34 lbs.; (b) not known ; (c) 24 lbs. 


Protection— 
1. £1855. 
2. No assessment. 
3. Sane in addition to keepers, who are bound to assist in watching. 
4, None. 


Obstructions to the Passage of Fish— 
None. 
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Pollutions— 
1 No. 
ON Os 


The Salmon Disease— 
1. Very slight ; slightly in February and March and again in July, disap- 
pearing end of August. 
2. Very low. 
3. No. 
4, No. 


The Spawning Season— 


. 10th October. 
. 22d October and 4th November. Varies a little in the different 
. 15th to 20th November. rivers. 


. First part of season low, afterwards very high. 

. Under average, but more than previous year. 

. Brora, Helmsdale, Fleet, Inver, Kirkaig, Laxford, and Inchard, with 
their tributaries. 


Oop CON 


Kelts— 
1. 11th February. 
2. End of February and March. 
3. About end of May ; on one or two of the rivers a little earlier. 


Smolts— 
1. Towards end of April. 
2. Fairly good. 


Artificial Propagation of Salmon— 
One on the Brora and another on the Helmsdale, recently erected, belonging 
to the Duke of Sutherland. In the Brora 60,000 to 70,000 salmon and 
60,000 Lochieven trout, and Helmsdale about 100,000 salmon. 


Proportion of Male to Female Salmon— 
Cannot state proportion, but from Bailifi’s estimates, males predominate. 


General Question— 
No river should be open for angling after 30th September. 


SOME ICLAN DEVORE COAST DISTRICT, 


Take of Fish— 
1. Much below the average. 
2. (a) and (6) Salmon, 1199; grilse, 5885; trout, 164; cannot separate. 
(c) about 850 fish, no certainty. 
. (a) February; (6) May to August; (c) grilse, May-July ; sea-trout, 
March-September. 
. Not known. 


. (a) 27 lbs. ; (6) 38 lbs. ; (c) 24 Ibs. 


Ome Ww 


Protection— 
1 and 2. No assessments. 
SSD. 
4, One, poaching, fined by Sheriff. 


Obstructions to the Passage of Fish— 
1. None. 
2. None fished. 
3. No. 
4, Yes. 


Pollutions— 
1 and 2, None, 
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The Salmon Disease— 
No Disease. 


The Spawning Season— 

. October 24. 

. October 30-November 15. 
. December 1. 

. Medium. 

Less. 

Halladale to Grudie. 
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Kelts— 
1. End of March. 
2. April. 
3. May. 
4. Floods occasionally. 


Smolts— 
1. From 10th May. 
2. No. 


Artificial Propagation of Salmon— 
No, but one near Sandside, Caithness, capable of hatching 40,000 salmon 
and 30,000 trout. 


Proportion of Male to Female Salmon— 
Slight preponderance of males. 


DISTRICT OF THE RIVER KENNART. 


Take of Fish— 
1. (c) and (d) Below. 
2. (a) 10; (6) 2148; (c) 38. 
3. (a) March ; (0) and (c) July. 
4, (a) aud (b) No special record kept. 
5. (a) 19 Vhs. (6) 29 Tbs. 5 ae)-17 tbs. 


Protection— 


3. Two. 
4, None. 


Obstructions to the Passage of Fish. 
1. None either way. 
2. No dams. 
3 and 4. No passes. 
5. No. 
6. None. 


Pollutions— 
land 2. No. 


The Salmon Disease— 
1,°2,.3, and 4.— No. 


The Spawning Season-— 
1. 1st November. 
2. Between 15th November and 7th December. 
3. About 15th December. 
4. Mid level generally. 
Fully an average. 
6. U lapool River. 
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Kelts— 
1. 1st April. 
2. During April 
3. lst May. 
4. Flood. 


Smolts— 
1. Early in May if spring mild. 
2. Good. 


Artificial Propagation of Salmon. 
No hatchery. 


Proportion of Male to Female Salmon— 
Cannot state proportion, but females appear more plentiful, as appears from 
the preponderance of females caught by rod. 


General Question— 
None. 


THE DISTRICT OF THE RIVER TORRIDON. 


Take of Fish— 
No fish at all taken in 1898. Salmon fishing quite ruined by the outside 
nets. 


Protection— 
1. £20. 
2. No formal assessment. Expenses paid by proprietors. 
3. None. 
4, No. 


THE DISTRICT OF THE RIVER BALGAY. 


Take of Fish— 
1. The take of salmon here was below the average. The take of sea-trout 
about the former average. (b) In fresh waters by rods. 
3. The main body or bulk of sea-trout and grilse ran from the last week 
of June to the (c) middle of July. 


Protection— 
1. £20. 
2. No formal assessment. Expenses paid equally by the proprietors. 
3. One. 
4, There was one prosecution and parties convicted. 


Obstructions to the Passage of Fish— 
3. None. 
5. None. 


The Salmon Disease— 
1. None, 


The Spawning Season— 

1. About 20th October, but sea-trout had begun spawning ten days or a 
fortnight earlier than the salmon. 

2. Between the 6th October and 20th November including salmon and sea- 
trout. 

3. The spawning season finished about Christmas. 

4, High asa rule. 

5. I should say they were less than usual. 

6. The rivers Balgay and Kinloch. 


D 
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Kelts— 
4, High. 


General Question— 
Tam certain that both eee and sea-trout are becoming scarcer every 
year in this district. I think the cause is owing to the bag nets along 
the coast and leased by tacksmen, and also owing to the sea-trout 
nets used by the majority of crofters and cotters in all the little town- 
ships and hamlets along the coasts, and who can never be quelled by a 

few local officials unless Government interferes. 


DISTRICT OF THE RIVER PENNYGOWN OR GLENFORSA 
AND AROS (MULL). 


No records are kept. 


THE DISTRICT OF THE RIVER LUSSA (MULL), Ee. 


Take of Fish— 
No record is kept of fish taken in the district. 


Protection— 
1. No assessment roll has been made up yet, nor any assessment levied. 
4, No prosecution. 


Obstructions to the Passage of Fish— 

There are two natural obstructions—one in the River Lussa, known as the 
Lussa Falls, the other in the River Houran, which falls from Loch 
Houran, known as the Loch Houran Falls. They might be much 
improved at a small cost. The former divides the Duart and Lochbuie 
estates ; the latter is entirely on the Lochbuie estate. 


Pollutions— 
No pollution in any of the Mull rivers. 


The Salmon Disease— 
No salmon disease reported. 


The Spawning Season— 
The spawning season has been a very good one. 
6. The Lussa, Coleader, Baa, Forsa, Uisk, and Awe. 


General Question— 

An amalgamation is contemplated with the Awe, Mull, and other existing 
Fishery Boards to hire a powerful steam launch during the salmon- 
fishing season, in order to observe that the leaders are removed from 
bag-nets during the weekly close time, and if possible to prevent that 
infamous destruction to Saimonidae—viz., scringing. 

Water bailiffs have been appointed throughout the Island of Mull. 


THE DISTRICT OF THE RIVER BAA AND 
GLENCOILLEADER (MULL). 


Take of Fish— 

No record is kept of fish taken in district, but the following statements 
refer to the fishings in Lochs Baa and Assapol. 

1. (a) Above average. 

3. (6) In Loch Baa sea-trout early in March, salmon middle of July; in 
Loch Assapol sea-trout and salmon early i in July. (6) In both lochs 
August and September. 

ye v ) In Loch Baa, 16 lbs, salmon ; in Loch Assapol salmon 12'lbs., sea-trout 

6 lbs. 
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Protection— 
No assessment roll has been made up for this Board, nor has any assessment 
been levied yet. 
4. No prosecution. 


The Spawning Season—Loch Baa— 

. 10th November, but believed to spawn earlier. 

. From Ist to 30th November. 

. About middle of December, 

Low. 

About usual. 

Baa, Clachaig, Cannel, Derryguaig, Dishaig, and smaller streams from 
Benmore. 


Kelts—Loch Baa— 
1. ist April. 
2. In April. 
3. Ist May. 
4. High. 
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LEE DISTRICT OF THE RIVER LOCHY., 


Take of Fish— 

1, (6) and (d) Below the average ; (c) no fixed engines. 

2. (a) and (b) None caught by net or coble and fixed engines; (c) 222 salmon, 
357 grilse, 1742 sea trout. 

3. (a) 1st April; (6) main take of salmon in September and of grilse in July; 
(c) June. 

4, (a) and (b) None. 

5. (c) 414 lbs. 


Protection— 

1. £2239 

2. No assessment. 
(i 3. Twelve. 

4. No. 


Obstructions to the Passage of Fish— 
None. 


eee? 
No. 
No. 
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Pollutions— 
leEN oO: 
2 No; 


The Salmon Disease— 
1 No. 


The Spawning Season— 
1. About 20th October on tributaries ; second week of November on raain 
rivers. 

Middle to end of November. 

End of December. 

. About average. 

. Rather less. 

. Roy, Cour, Loy, Nevis, and Spean. 


Kelts— 
1. Not noticed. 


S OP oo bo 


Smolts— 
1, Beginning of May 
2. No, 
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Artificial Propagation of Salmon— 
Yes ; hatchery on Cour, kept up by Lord Abinger ; 50,000 to 60,000 ova. 


Proportion of Male to Female Salmon— 
About one-fourth more females than males. 


General Question— ; 
It is believed that there are more fixed nets outside the estuary than previ- 
ously, and that this has a rather injurious effect. 


THE DISTRICT OF THE RIVER AWE. 


Take of Fish— 

No record is kept of fish taken in the district. The tenants of fishings will 
give no information as to catch, especially tenants of nets. Should say 
1898 was a good average year. Some proprietors who have the right of 
nets in river and loch (Awe) do not exercise that right. One does on 
the loch. I think there was a 54-lb. fish taken in nets at mouth of 
river last year. Fancy first run is about middle of March; they are 
Urchy fish. 


Protection— 
1. £877 15s. Od. 
2 ee LOOM Ts. ald: 
3. One. 
4. No prosecutions. 


Obstructions to the Passage of Fish— 
1. No alteration in the district. 
2. Only Inverawe cruive, and that is in strict order. A grating should be 
placed on mill-lade on the Lussagan ; many young fish (smolts) killed 
by wheel going down. There was a sort of dam placed on the mill- 
lade on Awe some years ago. 


Pollutions— 
1. Pollution for many years by Connel Mill on Lussagan Burn. 
2. Nothing ever done to put that right. 


The Salmon Disease— 
No disease in district. 


The Spawning Season— 
4. Too high. 
5. More, I think. 


Artificial Propagation of Salmon— 
No hatchery in district. 


THE DISTRICT OF THE RIVER AYR. 


Take of Fish— 

1. The take of fish last year was below the average both in the sea and fresh 
water. 

There are no fixed engines, and the river is not netted. 

2. It is quite impossible to ascertain number of fish taken, as the tacksman of 
the sea fishings will not give the information, and what rod fishers kill 
cannot be ascertained. 

3. There are no spring salmon in the Ayr, and the sea trout commence to 
run in June, and the grilse about July. 

4, There are no nets and cobles used, only nets on the sea-shore. There is 
only one tacksman, and no information can be had from him. 

5. Impossible to ascertain, 
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Protection— 
Ve e10; 
2. 8s. per £. 
3. One. 
4. One pueregution for fishing without leave, and £2 towards expenses was 
aid. 
@keirictons to the Passage of Fish— 
1. No change. 
2. There are no cruives, and the dams are being improved. 
3, 4, and 5. No. 
6. The Board are giving attention to the dam dykes, and have got an order 
from the Court to form a ladder in the worst one, at Overmills, Ayr. 


Pollutions— 
EE No. 
2. No ground of complaint. 


The Salmon Disease— 
Le No: 
4, No. 


The Spawning Season— 
Impossible to ascertain. 


Kelts— 
The kelts return to sea between the months of January and June. 


Smolts— 
1, About the month of April. 
2. The smolts were better protected than formerly. 


rae Propagation of Salmon— 
0. 


Proportion of Male to Female Salmon— 
No. 


General Question— 
No. 


THE DISTRICT OF THE RIVER DOON. 


Take of Fish— 

1. The take of salmon last year was below the average, both in the sea and 
in the fresh water. The take of sea-trout was above the average. 
There are nets along the sea coast, and the mouth of the river is dragged 
with a net also. 

2. It is quite impossible to ascertain number of fish taken, as tacksmen of the 
sea and river fishings will not give the information, and what the rod 
fishers kill cannot be ascertained. 

3. (a4) The Doon contains spring salmon, and they were commenced to be 
taken the first day of the opening. (>) The main take of salmon was in 
August. (c) Sea-trout commenced to run in June and grilse about 
July. 

4. Thick are no nets and cobles used—only nets on the seashore, and the 
mouth of the river dragged. There is only one tacksman, and no informa- 
tion can be had from him. 

5, Impossible to ascertain. 


Protection— 
1. £437. 
2, One shilling and sixpence per £. 
3. Two, mainly paid by the proprietors. 
4, Two convictions obtained for netting the river at night and for destroy- 
ing sea-trout in spawning streams, 
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Obstructions to the Passage of Fish— 
1. The dam dykes at the Doon-foot and at Alloway Mill were both repaired 
and the salmon passes improved. 
2. There are nocruives, and all the dams contain slaps or passages for salmon. 
3. See answer to No. 1. 
4, Fish can always now get up. 
5. No obstruction. 


Pollution— 
1 and 2. No. 


The Salmon Disease— 
No disease. 


The Spawning Season— 
1. Salmon commenced to spawn in November. 
5. The spawning fish were about the usual number. 
6. The Doon affords good spawning streams. 


Kelts— 
1. The kelts come down the river in the months of February, March, and 
April. 
3. The river is generally free from kelts by June, 
Smolts— 


1. April is the principal month. 
2. No. 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
No. 


General Question— 
No. 


THE DISTRICT OF THE RIVER GIRVAN. 


Take of Fish-— 

1. (a) None ; (0), (c), and (d) below. 

2. (a) None; (b) about 250 salmon, 700 grilse, 2,500 trout ; (c) cannot say, 
. (supposed about 3 or 4 salmon only). 

3. (a) Ist April ; (6) August ; (c) about June 15th. 

5. (a) None; (b) 40 lbs. ; (c) cannot tell. 


Protection— ; 
1, £544. 
2. None. 
3. Two. 
4. Yes. Two prosecutions of fishing with rod and line during annual close 
time. Accused fined in 30s. each. 


Obstructions to the Passage of Fish— 
. None. 


: Yes, when in flood. 
so; 
. Nothing done. 
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Pollutions— 
1 and 2. No. 


The Salmon Disease— 
1. No salmon disease. 
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The Spawning Season— 
1. Latter end of December. 


Kelts— 
6. Upper reaches of river. 


Smolts— 
1. Ist May. 
2. Average. 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
No. 


THE DISTRICT OF THE RIVER STINCHAR. 


Take of Fish— 
1. Below the average. 
2. No. 
3. (a) Last week in March ; (6) last week in July ; (c) Ist August. 
4. Cannot say. 
5. (6) 62 lbs.; (c) 29 lbs. 


Protection— 
1. £300. 
2, 3 and 4, None. 


Obstructions to the Passage of Fish— 
1. None. 
2. Yes, 
3. One. 
4, Yes. 
5 and 6. No. 


Pollutions— 
1 and 2. No. 


The Salmon Disease— 
1. Yes. 25th January. Cannot say. Last of March. 
2. Large. 
3. ee January, 2; February-March, 3 males, 2 females—all kelts. 
4. No. : 


The Spawning Season— 

. 28th November. 

. December. 

. First week in January. 
. Heavy. 

. Less, 

. Stinchar. 


Kelts— 
1. In February. 
2. March. 
3. 15th April. 
4, Large. 


Oop Whe 


Smolts— 
1, Ist April. 
2. Yes. 


pe aces Propagation of Salmon— 
0. 
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Proportion of Male to Female Salmon— 
No. 


General Question— 
No. 


THE DISTRICT OF THE RIVER CREE, 


Take of Fish— 
1. No special information, but the general opinion is that the take has been 
much below the average. 
2. No. 
3, 4, and 5. No information. 


Protection— 
1. £796. 
2. £59 14s., being the assessment at 1s. 6d. per £. 
3. ‘Two. 
4, No. 


Obstructions to the Passage of Fish— 

1. The old dam dyke above Douglas High School, Newton-Stewart, has been 
rebuilt and raised in height, but it does not extend across the whole 
river. 

2. Yes. 

3. No. 

4, Yes. 

5. No. 


Pollutions— 

LaNo: 

2. Towards the end of 1898 operations were commenced in connection with 
the new drainage scheme of Newton-Stewart. The sewage is to be 
conveyed in pipes to filtration tanks situated about half a mile below 
the town, and after passing through the tanks will come out purified so 
that no pollution shall pass into the river, and the river will be freed 
from all possible pollution. 


The Salmon Disease—- 
1. No disease. 


The Spawning Season— 
No information. 


Kelts— 
No information. 


Smolts— 
No information. 


Artificial Propagation of Salm 
0 


Proportion of Male to Female Salmon— 


No. 
General Question— 
No. 
THE DISTRICT OF THE RIVER DEE (SOLWAY). 3 


Take of Fish— 
1. (a) In tidal waters, below the average; (b) in fresh water, do.; (c) by 
fixed engines, do.; (d) generally throughout the district, do. 
2. (a), (6), and (c) I could not say. 
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3. (a) Ist of March; (b) month of July ; (c) grilse and trout about the Ist 
of June. 

4. (a) and (b) Below the average. 

5, (a) The heaviest salmon was 30 lbs. ; trout, 7 lbs. 


Protection— 
1. £1603. 
2. £80 3s, 
3. Fourteen to sixteen watchers. 
4, None. 


Obstructions to the Passage of Fish— 

None. 

. No dams or cruives in our district on the Dee. 
. None that I know of. 

. Free passage at all times. 

None. 

No changes that I know of. 
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Pollutions-— 
1 and 2. Not that I know of. 


The Salmon Disease— 
1 and 2. No disease in our district this year. 
3. We had no disease in our river. 
4, No remarks to make. 


The Spawning Season— 

. The 7th of November. 

. Between the 7th November and end of December. 
. The Ist of January 1899. 

. I took no observations. 

. Below the average. 

. Tarff, Dee, and Ken. 


Kelts— 
i. The month of March. 
2. The end of March. 
3. End of April. 
4. I could not say. 


Aop wwr 


Smolts— 
1, From April to the end of May. 
2. No; 


Artificial Propagation of Salmon— 
Messrs. Anderson & Son, 29 Castle Street, Edinburgh, have a hatchery 
on the Dee at Tongland for the propagation of salmon ; in 1897 there 
were 120,000, in 1898 200,000, and this year 150,000. 


General Question— 
I have no other remarks to make. A net may be drawn occasionally by a © 
proprietor in the upper water, but no fishing of any consequence by 

this means. 


THE DISTRICT OF THE RIVER NITH. 


Take of Fish— 

1. (a), (6), (c), and (d) Much below the average. 

2. (a), (b), and (c) Cannot be given. 

3. Clean‘“fish are caught as soon as the fishings open on 24th February ; but 
afterwards, from about middle of March, no clean fish are got till the 
sea-trout begin to run in April. 

4, (a) and (b) Cannot be got. 

5. (a) 43 lbs. ; (b) 25 lbs. ; (c) 25 lbs. 
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Protection— 

1. £781 5s. 

2. No assessment imposed for this year. 

3. One man employed and paid by the Board, and over twenty oamekeepers 
sworn in as special watchers. 

4. Yes, (1) Fishing during annual close time—one man fined £3 10s. or 21 
days’ imprisonment ; two men, £2 10s. each, or 14 days; one man, 
£4 10s., or a month’s imprisonment ; one man, case withdrawn, (2) 
Using drag hooks—One man fined £6 10s., or a month. (3) Having 
gaff hook in possession with intent—One man fined £2 14s, or 14 days; 
case withdrawn against a second. (4) Contravention of Solway Act— 
2.¢., fishing without leave—Three men, but case withdrawn on a conten- 
tion of civil right. 


Obstructions to the Passage of Fish— 

1. No alteration. 

2. One cruive in the district is substantially in accordance with the bye- 
law ; most of the dams are not. 

3. No. 

4. Yes, when the fish are running, after a flood ; but, when the rivers are 
low, the passes do not facilitate the passage of fish. 

5 and 6.. No. 


Pollutions— 
1. Pollution may be increasing owing to extension of the town (Dumfries), 


the sewage from it all running into the river. 
2. No. 


The Salmon Disease— 
1, Very little ; it was only in March, and a few kelts were affected. 
2. Low, when it was seen. 
3. None taken. 
4. No. 


The Spawning Season— 

In October. 

From middle of December to middle of February. 

. About end of March. 

. Fish only spawn after a flood, and not when river is low. 
. Much less. 

. There are spawning streams all along its course. 


> OUR oo bo 


Kelts— 
1. March. 
2. May. 
3. In beginning of June. 
4, Kelts only go to the sea when the river is rising to a flood, or at least, 
rising. 


Smolts— 
1. April and May. 
TaN@: 


Artificial Propagation of Salmon— 
None belonging to the Board ; but there is Mr Armistead’s private hatchery 
at Newabbey. 


Proportion of Male to Female Salmon— 
Cannot be given. 


General Question— 
No. 
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THE DISTRICT OF THE RIVER ANNAN. 


Take of Fish— 

1 (a), (6), (c), and (d) Below average ; worst on record. 

2. The lessees of the different fishings say they do not keep a record of 
the number caught, therefore this cannot be given. 

3. (a) 25th February, opening day; (b) week ending 3rd September ; (c) 
sea trout main run, middle of June to 23rd July; grilse main run 
during July—very poor takes. 

4, With exception of Newbie Fishery, no record is kept of fish caught each 
month, therefore this cannot be given; only it was looked upon as 
being a late season. 

5. (a) No net and coble fishing in district; (b) 52 lbs. (on Annan burgh 
fishings) ; (c) 293 lbs, (in Newbie portion of the Annan). 


Protection— 

1. £3,181 10s. 

2. 3s. 6d. per £= £556 15s. 3d. 

3. Four (three at Annan and one at Lochmaben). 

4. For offences in Annan Division, proceedings were taken against fifteen 
persons as follows :—One, contravention of bye-law, Schedule G, 
withdrawn ; eleyen for contravention of 33rd Section of Annan Act, 
1841, by fishing between high and low water mark without permission 
—diet deserted against three, others fined 10s. each, one 35s. 6d., five 
21s., and two 25s. 6d. of expenses, or 14 days each ; three, fishing during 
annual close time—-one fined £2 19s., or a month, the other two 
£5 19s., or two months. 


Obstructions to the Passage of Fish— 

1. None have been destroyed or disused. 

2. No cruives in district. Dams, yes, with the following exceptions :— 
On the Annan there is no heck at tail of mill race at Brydekirk Mill, 
belonging to Francis Henry Wilson, residing there; on the Kittle, at 
Beltemont Mull, belonging to Miss Ann Beattie, 13 Church Street, 
Annan, and at Kirtlebridge Mill, belonging to the trustees of the late 
John Irving per Herbert Cavan Irving, Esquire of Burnfoot, Kccle- 
fechan ; on the Mein at Mein Mill, belonging to the Duke of Buccleuch, 
have no fish passes, nor hecks at intake or tail of mill races, and never 
have had. 

3. Yes; new fish basin at Brydekirk Mill dam, on the Annan, and a new fish- 

pass at Rigg dam, on the Kirtle, which have greatly improved the free 

passage of salmon wishing to ascend. 
Yes, 
. No alteration. 
. No alteration. 


So 


Pollutions— 
None. 


The Salmon Disease— 

1, First observed 8th November ; at its height last fortnight of January; 
disappeared middle of March. 

2. Medium. 

3. January, 40 males and 47 females, of which 54 had spawned and 53 
unspawned ; February, 11 males and 17 females, of which 26 had 
spawned and 2 unspawned ; March, 2 males and 2 females, all spawned. 

4, None. 


The Spawning Season— 
1. 12th November. 
2. 15th December to 19th January. 
3. End of February. 
4, Medium. 
5. A good average. 
6. Northfield, Mount Annan, Luce, Meinfoot, Hoddam Bridge, Mainholm, 
and Rotchell, in the Annan. 
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Kelts— 
1. 19th January. 
2. Last week of January and first week of February. 
3. About middle of April. 
4, Medium. 


Smolts— 
1. End of April and during May. 
2. About the average. 


Artificial Propagation of Salmon— 
None in district. 


Proportion of Male to Female Salmon— 
This cannot be accurately given, as notes are not taken at the different 
fisheries. 


General Question— 
_ Nothing further than it would be well to keep in view the complicated 
state of the Acts referring to the Solway Firth. 
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NORE. II: 


REPORT BY MR. WALTER E. ARCHER, ON A SCHEME 
FOR THE IMPROVEMENT OF THE SALMON FISH- 
INGS IN THE RIVER EARN. 


IT have the honour to report that by the direction of the Fishery 
Board for Scotland, and at the request of the Tay District Board, I 
inspected the river Earn, a tributary of the Tay, on the 15th April, 
and on the 15th and 16th June last, for the purpose of considering and 
reporting on a scheme for the improvement of the fishings, proposed by 
Sir Robert Moncreiffe in a memorandum to the salmon fishery pro- 
prietors, dated November 1897. 

This memorandum was considered at a meeting of the proprietors and 
tenants held in Perth on 22nd November, and it was subsequently 
formally resolved, inter alia, by those representing fishings to the value of 
£1325, out of a total of £2005, (1) that I should be asked, through the 
Tay District Board, to consider and report on the scheme; and (2) that, 
in the event of my reporting on it favourably, a committee, chosen from 
eight of their number, should have powers, under certain specified con- 
ditions, to carry it out. 

The question, therefore, which I have to deal with in my present report 
is the question of whether it is desirable that the seheme should be 
carried out, as until this question is decided the powers of the said com- 
mittee are in abeyance. 

It would appear, from the memorandum referred to, that Sir Robert 
Moncreiffe proposes that a committee of proprietors and tenants of 
salmon fishings should be empowered to negotiate with the proprietors 
of the net and cruive fishings to rent their fishings for a period of ten 
years, so that by arranging for a longer weekly “slap” or otherwise, a 
greater number of fish might be allowed to ascend the river. 

It may be explained that the Earn is a river of 52 miles in length, 
with a drainage area of 376 square miles. In point of size, therefore, it 
ranks with such rivers as the Beauly, Annan, and Border Esk, being 
considerably larger than such streams as the Helmsdale, Brora, and 
Thurso. It has also excellent natural capabilities for the production of 
fish. But notwithstanding its natural capabilities, its productiveness is 
much impaired by the efticiency of the nets in the lower waters and by 
the obstruction to the passage of fish caused by several dam and cruive 
dykes throughout its course. So great is the obstruction caused by 
these nets and dykes that, I am informed, but few fish succeed in reach- 
ing the upper waters until after the close of the netting season, and then 
only in times of great flood. This I can readily believe, in view of the 
great obstacle which Dupplin dyke forms to the passage of fish and the 
opportunities of netting which the pools below it afford. I had an 
opportunity of seeing this dyke when the river was in flood and also 
when it was at an ordinary summer level, and I am convinced, from the 
great pressure of water rushing through the cruives, and the great 
length of the dyke and consequent shallowness of the water flowing over 
it, that, except in times of great flood, it must form an almost, if not 
quite, insurmountable obstacle to the fish. 


~ 
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Under these circumstances it is evident that one of the primary con- 
ditions towards developing the capacity of a river for the production of 
fish is not given effect to—a condition advocated both in the Fishery 
Board for Scotland’s Reports (11th Annual Report, Part I1., page x.; 
12th Annual Report, Part IT., page xiii.) and in the recent Report of 
the Royal Commission on Tweed and Solway, page 18—since no pro- 
vision is made for the protection of a certain proportion of every run of 
salmon during the open season. On the contrary, the case of the Harn 
would seem to be an example of those cases referred to in the Board’s 
11th Annual Report, in which the opposition to proposals to make such 
a provision is due to the divided interests in the district, and to the care 
with which each proprietor naturally guards his own rights. With 
regard to such cases the Board state that the evidence given in their 
Reports shows that “the improvement in the fisheries which has followed 
‘in those cases where the general interests have been studied, instead 
‘‘of the individual, appears to indicate that the salmon fisheries are 
‘“‘ capable of development, not only to the benefit of each proprietor, but 
‘also to the increase of the food supply, if united action were more 
‘“‘ generally adopted.” Since it would seem that the scheme outlined by 
Sir Robert Moncreiffe is in effect a scheme to amalgamate the conflict- 
ing interests with a view of taking united action for the improvement of 
the fisheries, I have no hesitation in approving of it. 

I would, however, venture to point out that it is desirable, if possible, 
that such an experiment should not be limited to a period of ten years, 
as the full results can hardly become apparent in so short a time. The 
evidence with regard to this point is referred to on page 11 of the 16th 
Annual Report, Part IT., in the following terms, viz.:—‘‘ Nothing seems 
“to be surer with regard to the effect of regulations for the improve- 
‘*ment of the fisheries than that the result only shows itself by good 
“years becoming better and bad years not so bad; and, further, that 
“the full benefit of such regulations is not felt until eight or ten years 
‘“‘after their introduction. Thus, if the statement of number and weight 
‘“‘ of the fish caught at the salmon fishings belonging to the Aberdeen 
‘‘ Harbour Commissioners be studied, it will be seen that in only two 
“out of the first nine years after the new regulations were adopted did 
“the yield of fish exceed 100,000 lbs., whereas in the subsequent seven- 
“teen years it only fell short of the quantity in four years (p. x., ante). 
“On the Ballisodare River in Ireland, where an entirely new salmon 
“fishery was created by opening up the obstructions at the mouth 
‘‘and allowing the fish to have free access to the spawning grounds 
“above, it seems to have been eleven years before the fisheries were 
“fully established (10th Annual Report, page 11). On the Galway 
“ River, where Mr. Thomas Ashworth enormously increased the value 
“of an existing fishery by opening up a large extent of spawning ground 
‘by means of ladders, it was nine years before the marked increase 
‘“‘ became apparent (10th Annual Report, page 13). On Sand’s River in 
“ Norway, the average annual take of fish in the years following the 
“adoption of the new regulations was not half what it has been in sub- 
“ sequent years (11th Annual Report, page 59).” 

The evidence afforded by these examples would seem to show that, 
although regulations may be introduced at once for the more equal dis- 
tribution of the present stock of fish, nine or ten years may elapse before 
any material increase in such stock may become apparent, and that to 
limit, therefore, the experiment to a period of ten years would probably 
be to bring it to a close just before the greatest benefit might be 
expected to accrue.—I am, &e., 

(Signed) Water E. ARCHER. 
The Fishery Board for Scotland, 
Edinburgh, 29th June. 1898, 
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NOTE III, 


REPORT BY MR. W. L. CALDERWOOD, INSPECTOR OF 
SALMON FISHERIES, ON THE CRUIVE DYKES AND 
CRUIVE FISHINGS OF SCOTLAND. 


Following the judgment of the Court with reference to the construc- 
tion and alteration of the cruives of the river Deveron (34 Scottish 
Reporter, p. 440), and the ultimate agreement between the Duke of 
Fife and the District Fishery Board to have the cruive dyke removed 
altogether, it becomes of interest to ascertain the present condition of 
eruive fishing in Scotland. 

The case referred to is of special interest, because it places on record 
the first judicial decision upon the effect of the Commissioners appointed 
under the Salmon Fisheries (Scotland) Acts (25 & 26 Vict. cap. 97; 26 
& 27 Vict. cap. 50; 27 & 28 Vict. cap. 118), so far as the regulations 
regarding cruives are concerned (Schedule F of the 1868 Act), and it fully 
upholds the requirements of the Commissioners’ bye-law. Previous to 
this decision the case of Kennedy v. Murray (1869, 7 Macph., 1001) 
could be cited as a guide to the proper interpretation of the statute ; 
but the case dealt rather with the powers of the Commissioners as 
expressed in the 1862 Act, and 1868 Act, with reference to mill dams 
and hecks, than to cruives. 

The right of fishing by means of cruives was granted by the Crown 
in ancient times, and is distinct in law from all other methods of catching 
salmon. By the memorandum dealing with the law as to the ‘regulation 
of the fishing and the construction of cruives, published in 13th Annual 
Report, Part II., Appendix Note III., p. 67, 1t is evident that in all 
probability cruive fishing was fully established before the time of William 
the Lion (12th century); indeed, the system of catching fish in cruives 
may be considered as only a modification of the most primitive method 
of fishing by means of loosely built pools, which has been common to 
many races, and is exemplified still to some extent by the old yairs of 
the shores of the West Highlands, or the doaches of Tongland. 

In all the early Acts bearing upon the subject of cruive fishing provi- 
sion is made for the keeping open of what is termed “a mid-stream.” 
For instance, an Act of James III, 1447, cap. 73, requires “that the 
mid streme be left free the space of six fute.” It has since been argued 
in more than one case that the provision for the mid-stream has now 
lapsed. Myr. Archer and Messrs. Carmichael & Miller, W.S., in the 
memorandum above referred to, call attention to this when dealing with 
the case of the Heritors of Don v. Town of Aberdeen, 1667 (M. 10,840), 
as follows:—‘ In judgment,” the Lords, “considering that the mid-stream 
“has been long in desuetude, and that this late ratification was passed 
‘‘ without notice, therefore ordained the parties to adduce witnesses 
‘“‘ whether the middle streams was accustomed in any cruives in Scot- 
“Jand.” ‘This seems a high-handed way of riding over an Act of Parlia- 
‘““ ment; but, in point of fact, the statute would seem to have been totally 
* disregarded in the law courts.” It would appear that in Scotland, in 
view of the provision which was made for a mid-stream gap in mill 
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dam dykes to provide for the ascent of fish, the ‘“‘mid-streams” in cruive 
dykes are said to have lapsed; a sufficiently illogical position. In this 
connection it is of interest to notice the law regarding the cruives or 
fishing weirs of England. The Salmon Fishery Act of 1861 provides 
(sec. 27. Restrictions as to Fishing Weirs) :—‘‘ Where any fishing weir 
extends more than half-way across any stream at its lowest state of 
‘‘ water, it shall have a free gap or opening in accordance with the regu- 
“ tions following, unless otherwise authurised by the Home Office, under 
“ the powers of this Act; that is to say— 


“‘(1) The free gap shall be situate in the deepest part of the stream 
‘“‘ between the points where it is intercepted by the weir ; 

‘¢ (2) The sides of the gap shall be in a line with and parallel to the 
‘¢ direction of the stream at the weir ; 

** (3) The bottom of the gap shall be Ievel with the natural bed of 
“‘ the stream above and below the gap ; 

“ (4) The width of the gap in its narrowest part shall be not less 
“than one-tenth part of the width of the stream; provided 
“always that such gap shall not be required to be wider 
“than forty feet, and shall not in any case be narrower than 
“ three feet.” 


Willis Bund, in his Law of Salmon Lisheries in England and Wales, 
points out (p. 312) that in cases where the fishing weir does not extend 
half-way across the river they may be fished without gaps, provided they 
were in use on 6th August 1861. 

It is further worthy of remark that, with regard to what in Eng- 
land are termed Fishing Mill Dams, the 1861 Act provides (24 & 25 
Vict. sec. 12), inter alia, that “no fishing mill-dam, although law- 
‘fully in use as aforesaid, shall be used for the purposes of catching 
‘salmon unless it have attached thereto a fish-pass of such form and 
‘dimensions as shall be approved of by the Home Office, nor unless 
“such fish-pass has constantly running through it such a flow of water 
‘Cas will enable salmon to pass up and down such pass, but so neverthe- 
“less that such pass shall not be larger nor deeper than requisite for 
“the above purposes.” 

It will be noticed, therefore, that in process of time, in Scotland, the 
enforcement of the mid-stream has been allowed to lapse; cruive dykes 
have been permitted rightly or wrongly to intercept the entire flow of 
rivers ; whereas in England the provision for a ‘‘mid-stream” in cruives 
has remained. ‘To those who hold rights of cruive fishing and netting 
below, the absence of any “ mid-stream” is naturally of great pecuniary 
advantage ; but to others who may hold rights of ordinary salmon fish- 
ing in rivers where cruives are fished, the matter may naturally be 
viewed from an opposite standpoint, since the cruive frequently gains 
the monopoly of the fishing and seriously injures the adequate distribu- 
tion of fish in the district. 

In preparing the present report as to the cruives of Scotland, I have 
communicated with upwards of a hundred districts, and have received 
information as to the presence or absence of cruives, &c., from every 
salmon-frequented district in the country. 

In rivers held entirely by one proprietor, it appears that for many 
years no cruive fishing has been carried on. The reason for the dis- 
continuance of the cruive fishing seems invariably to have been in order 
to benefit the rod fishings, which are in the majority of cases let on short 
or long lease. Further, the decision to abandon this form of fishing has 
in all cases, except one, been followed by the removal or partial decay of 
the cruive dykes. In the Thurso river, for instance, the cruives were 
removed many years ago by Sir J. G. T, Sinclair, Bart., of Ulbster, to 
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whom the river belongs, and in addition to this improvement, it was 
resolved that no netting of the estuary be permitted before June. In 
the case of the Brora, a flood of great height, which occurred about 
twenty-eight years ago, seriously damaged the cruive dyke, which, I 
understand, contained four boxes ; in the interests of the river fishings 
no effort was made to rebuild ihe structure, and subsequent floods have 
gradually demolished it. J am informed by the Duke of Sutherland’s 
factor at Golspie that no cruives now exist in any of His Grace’s 
rivers. ‘The one case in which a sole proprietor maintains his cruive 
dykes, although no fishing of the boxes has been carried on for upwards 
of twenty years, is that of the River Beauly. The rod fishing of the 
upper river is let, but the dykes are maintained in order to secure a 
good supply of fish in the private fishings of the beautiful pools below. 
The dykes are two in number, and meet above a small island, at Beaufort 
Castle, so as to form a widely spread V. The dyke from the right 
bank has four boxes, that from the left bank has three boxes. At no 
eruives in Scotland are there so many boxes as here. An advantage 
secured to the general fishings of the river, however, is evident from the 
presence of the seven openings in the dykes and from the breadth of 
the openings ; the rush of water is distributed, and no one box passes 
a foaming race of water such as may be seen at some other cruives, and 
which forms an impenetrable obstacle to so many fish during certain 
conditions of water flow. *The dykes themselves are most substantial. 
Each arm of the V measures about 170 yards in length, and during 
summer level of the river, stands from four to five feet above the 
surface of the water on the upper side, and is broad and flat on the top. 
Except during high floods, the dykes form a convenient causeway by which 
the river may be crossed. In former times the cruives of the Beauly 
were situated lower down the river, ata place still named Cruivend, 
near the new Lovat Bridge. Here the fish used to be boiled in huge 
coppers previous to being packed in flat circular tubs of small size. 
The ancient apparatus still remains, but, probably through increased 
facilities of transit, the practice of boiling was discontinued some sixty or 
seventy years ago. 


Turning now to rivers in which the interests of many proprietors are 
concerned, we may first simply mention that on important rivers such 
as Spey and the Aberdeenshire Dee, eruives have for very many years 
been cleared away. 


-In the Ewe district a cruive was removed about forty years ago in 
order, I am informed by Sir Kenneth Mackenzie of Gairloch, to lower 
the level of Loch Maree. In the neighbouring district of Bedachro 
and Kerry, also, a eruive has been allowed to disappear under the 
influence of floods. 


In the Alness district at Ardros, the cruive was broken down about 
thirty years ago and has not since been repaired. 


In the district of the Conon, at Brahan Castle, near the mouth of 
the river, are extensive cruives somewhat similar to those of the Beauly. 
Immediately above an island about seventy acres in extent, the V-shaped 
dykes unite. In this case the dyke from the left bank is very much 
longer than the other. It slants down the river a long distance and 
contains three boxes of a width of twelve feet; the middle box is at 
present boarded up so that water does not flow through it. The right 
dyke is short and contains one box. The dykes are not so widely built 
as is the case at Beaufort Castle, nor are they constructed so as to stand 
so high above the ordinary level of the river. They are built after the 
manner of ordinary weirs. I am informed by the Clerk of the District 
Fishery Board that the cruives have not been fished for nine years. 

E 
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In the district of Aylort a cruive existed in early days. I am 
informed that no structure of the kind exists now. Mr Young, in the 
Third Annual Report, p. 146, refers to the remains of an old cruive on 
the Aylort while describing the rivers in the west of Inverness-shire. 

In the district of the river Ugie, at Inverugie, a dyke containing two 
boxes exists in an efficient condition, but the fishing has not been 
carried on for many years. Three years ago a new arrangement as to 
the leasing of the rod fishing came into force and there seems no likeli- 
hood of the cruives being again fished, except to obtain fish from which 
to stock a neighbouring hatchery with ova. 

In the South Esk district a dyke with two boxes existed at Brechin 
Castle. In 1865, however, an agreement seems to have been come to 
between the Earl of Dalhousie and the Town Council of Brechin, who 
hold certain milling interests, by which the cruive should be done away 
with. JI am informed by the Clerk to the District Fishery Board 
that the Kar] of Dalhousie retains full power to restore the cruives 
and recommence the fishing. 

In the district of the river Forth two cruives have fortunately fallen 
into disuse. At Kippenross on the Allan, a tributary of the Forth, the 
cruive has not been fished, I am informed by the District Superintendent, 
for a period of 36 years. The other cruive existed at Doune on the 
Teith tributary. It was carried away by a flood which occurred about 
20 years ago, and has not since been repaired. 

Records of cruives discarded in earlier times come from the following 
rivers :—Forss, a small structure used to intercept yellow trout ; Hope ; 
Loch-na-Ciste, in North Uist; Wick; and Ythan. 

With reference now to the crnives which are fished at the present 
time, I have the honour to submit the following table :— 


List oF LOCALITIES WHERE CRUIVE FISHING IS REGULARLY CARRIED ON. 


(A single cruive dyke exists in each case.) 


| Locality. River. “District. [No. of boxes in jean 
LL Inverawe ah Awe. Awe. Two. | 
2. Cluden ee teres | Nae Gael | 
3. Gordon’s Mills Don. 1 aes fecal Four. ae 
4. Dupelinada i. Bae One. eae 
5. Strathallan = - nanan ae Tay. a One. Sa 
6. Craigforth = - Forth. Foun Ae One. oe 


1. The cruive in the Awe district is situated about half a mile above 
the mouth of the river. The cruive fishings and the rod fishings are let 
together. 

2. Cluden Water is the first tributary of any importance on the river 
Nith. It joins the main river at Lincluden Abbey, about a mile above 
the town of Dumfries. No reference seems to have been made to this 
cruive in descriptive accounts of the fisheries of the Nith district. The 
cruive, or more properly, and as it is known in the district, ‘the creel,” 

-is fitted in a wooden staging which crosses the river at an island situated 
between the two Cluden Mills. - The creel is fixed in the channel to the 


- 
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left of the island. It is an iron cage of an elongated pyramidal shape 
with an inverted mouth of similar form. The principle of the trap is 
precisely that of the lobster-pot. The apex of the inner pyramid is 
open, and through this the fish swim into the cage, from which there is 
no exit. A small iron crane about 9 feet high is erected in the staging 
above the creel, and by it the latter is raised and lowered. Fish are 
extracted through a hinged door in the cage. The measurements of the 
creel are as follows:—Extreme length, 6’ 6”; the mouth or broadest 
part of the cage, 2' 9" x 2’ 4", with bars 2" apart; sloping side of in- 
verted mouth, 3’; entrance to cage at apex of inverted mouth, 6 inches 
by 4 inches. When the creel is being fished, the staging is closed to 
the passage of fish of any size by the insertion of a series of wooden 
hecks, the spars of which are vertical and 3 inches apart. The staging 
is 3 feet 4 inches above the stream-bed where the creel is fitted; the 
space between the posts which support the creel on either side being 
3 feet 24 inches. No exception can be taken to the hecks, which 
represent, in this case, the cruive dyke, but [ venture to think that the 
“creel” or cruive box is as illegal as the old baskets formerly used at 
the Falls of Tummel, and that fishing by means of it should be entirely 
discontinued. 

3. The cruives of Don at Gordon’s Mills are upwards of two miles 
from the sea, by the course of the river. The dyke is sickle-shaped, the 
eruive boxes being in the handle part of the sickle on the left side of 
the river. Mr. Young, in the First Annual Report, p. 21, describes 
the cruives as the worst in Scotland. A considerable alteration in the 
condition of the river seems, however, to have occurred since this 
description was written in 1883, ‘the objectionable appurtenance ” 
of the Baron’s Grain—a cul-de-sac beneath the blade-part of the sickle— 
having become entirely filled up. This old pool, which was complained 
of as a trap for salmon, presents now the appearance of a large irregular 
grass-covered bank, only separated from the island upon which the neck 
or angle of the dyke rests by a shallow channel which may be filled 
with water at times of flood. The curved portion of the dyke has 
apparently been heightened, and is now smooth with a covering of 
cement. The four cruive boxes are arranged in two pairs, and between 
the two pairs, below the dyke, a “tail” of debris has formed and is now 
grass-covered for a distance of about forty yards. The pool below, into 
which this bank extends, is still fished from the original island which 
separated this pool, known as the Lebby Pot, from the Baron’s Grain. 
The imperfect dam across the channel at the low end of the Lebby Pot 
is maintained for the purpose of keeping up the water level, since the 
netting of the Pot rather than the inscales of the cruive boxes are 
looked to for the purpose of remuneration in the fishing. In my 
general Report to the Board I have referred (p. 7) to this check- 
dyke as in all probability an illegal structure. I am informed 
by the local inspector that hardly any fish are taken in the inscales, 
and that of late years even the netting of the water below has 
not been a success, and this in spite of the fact that the injurious 
habit of netting close up to the races coming from the cruive boxes has 
been constantly practised. The cruives are of the minimum size per- 
mitted by Schedule F of the Salmon Fisheries (Scotland) Act, 1868. A 
view of two of them will be found in Plate I. appended. The fishings 
connected with the cruives are held by eight individuals, whose interests 
differ to a considerable extent. The condition, so far as I am aware, is 
unique in Scotland. In all other localities the right of cruive fishing 
seems vested in an individual. Just below the cruives on the left 
bank is the outflow of the lade which supplies the Grandholm Mills. 
There is now a most substantial heck upon it. The intake of this lade 
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is about a mile further up the river. The intake for the lade supplying 
Gordon’s Mill passes off from the right bank of the river immediately 
above the curved part of the cruive dyke. During normal flow of the 
river the upper water-level at the dyke is about ten or twelve inches 
below the top of the dyke, and the dyke itself is only between three and 
four feet above the level of the lower pool, so that, even including the 
netting of the Lebby Pot as part of the cruive fishing, the structure is 
not so serious as to be now described as the worst eruive obstruction in 
Seotland, or by any means the worst obstruction in the river Don 
(vide p. 8). 

4, In the Tay district, as has been shown by the above Table, two 
cruives exist on the river Earn. The Dupplin dyke is about 200 yards 
long, stretching obliquely across the river from bank to bank. In 
vertical height it is about 10 feet. The one box is situated between 
two smal] islands and is 10 feet wide. Owing to the steep gradient, 
the height of the dyke, and the volume of water confined in the river 
above the dyke, the current through the box is very great, so that even 
during the weekly and annual close times, when the hecks and inscales 
are removed, fish cannot readily pass the dyke except during floods, 
when they ascend over the face rather than through the box in the dyke. 
To permit of a fair passage of fish, as is intended by the requirements 
for the weekly slap, mentioned in all Acts referring to cruives, a salmon 
pass would require to be erected by means of subsidiary dykes thrown 
across the channel between the right bank and that portion of the 
cruive dyke which is to the right of the cruive box. 

5. About eight miles further up the river, Strathallan cruive dyke 
occurs. It is, at normal levels, about 5 feet high, but the face of the 
dyke rises most abruptly. One box also causes a great flow of water, 
but more passes over the sill of the dyke than at Dupplin, and the fall 
is not so great, hence the passage through the box is more negotiable 
for ascending fish when that passage is passable. If the matter could 
be arranged, however, great benefit would result to the sport of the 
river if a salmon pass could be introduced. 

6. The only other cruive dyke which remains to be mentioned is that 
on the Forth, at Craigforth, about a mile below the mouth of the Teith. 
It is an example of the large type of cruive as found also at Dupplin 
and Strathallan on the Earn. It measures 6 feet broad by 13 feet long. 
A view of it is given in Plate II. The long levers seen in the illustration 
above the cruive box are used for raising the wooden blinds which shut off 
the water when the fish are removed, or when the inseales are being 
adjusted. One of the inscales can be seen in the photograph, the 
blinds being up and the water flowing through the box. Entrance for 
the fisherman is obtained by a wooden hatchway communicating with 
iron steps fixed in the concrete wall. The box is supported against the 
action of floods by heavy iron shores set in the stonework of the apron. 
When the photograph was taken, the tide being out, the depth of water 
at the sill of the box was 4 feet 3 inches. The current passing through 
the box is, however, by no means heavy, and sea-trout and small salmon 
should be able to pass through the heck in ordinary conditions of water- 
flow. The objection applicable to both Dupplin and Strathallan eruives 
is therefore not present at Craigforth. The weir is very long, is 
f-shaped, and quite perpendicular, the water immediately below 
being very shallow and broken. It varies in height owing to the 
difference in level of the bed of the stream below. The highest point is 
furthest down stream. I estimated the elevation to be between 8 and 
9 feet, the tide being out. A view of the weir will be found in Plate 
IIf. The cruive is near the left bank, where the dyke is 43 to 5 feet. 
Near the right bank the rocky ledges, upon, which the masonry is 
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based, become more apparent and project down stream a short distance, 
so as to reduce the height to from 34 to 4 feet. At this point during 
floods fish might probably ascend, even when the tide is out, but the 
main channel is on the opposite side of an island, which is situated 
below the weir. ‘The main channel leads up to the cruive. The ascent 
of fish, however, is only possible at high tide as a rule, and then it is 
comparatively easy. A meal mill is situated on the right bank opposite 
the cruive box. The tail-lade enters the river just below the cruive 
dyke at its extreme right. The intake is not influenced by the weir on 
which the cruive is situated, but by a smaller dyke largely composed 
of natural ledges of rock. This structure is about 150 yards above 
the cruive, and does not materially influence the flow of the river. 
Netting is carried on above the mill dam and below the cruive dam, 
where, between the island and the left bank, a large pool exits. 

In order that a proper view of the cruive may be obtained, it is 
necessary to visit the locality while the river is unaffected by tide. To 
remark this is tantamount to a statement that the Craigfo:th cruive 
seems to be situated where, to use the expression of the old Acts which 
govern the legal situation of cruives, ‘the sea fillis and ebbis,” and 
where in terms of these Acts (Robert I., 1318, c. 12; James I., 1424, 
ec. 11; James [II., 1477, c. 73) no cruive should remain. The clause 
of the last-mentioned Act reads as follows:—‘‘ That the Act maid of 
before, be King James I., anent cruives set in waters be observed and 
keiped. The quhilk beires in effect that all cruives set in waters, quhair 
the sea fillis and ebbis, destroyis the frye of all fisches, be put away and 
destroyed for ever mair, notwithstanding any freedom or priviledge 
given in the contrair .”’ TIT find, by consulting the tide tables, 
that at Stirling the time of high water is 1 hour 22 minutes later than 
at Leith, and that a rise of 74 feet is set down as that of spring tides in 
this locality. The Craigforth cruive is fully two miles by the river 
above the bridge at Stirling, and is no doubt subject to a rise of less 
than 74 feet, yet on inquiry I am informed that spring tides rise to 
within a foot of the top of the dam-dyke, and that if the blinds of the 
eruive be shut down, so that practically no water passes through the 
box from above, the cruive box is filled up with water from below, by 
the action of the rising tide. 

I would therefore venture to draw the attention of the Board to the 
conditions under which the Craigforth cruive exists, 
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(From the “Scottish Law Reporter.”) 


Friday, January 20, 1899. 


Pins TaD lV TS Eore 


[Lord Kyllachy, Ordinary. 


COUNTESS-DOWAGER OF SEAFIELD AND 
OTHERS v. KEMP. 


DECISION. 


Lorp Prestpent—-The main question in this case is a jury question, 
and my judgment is with the Lord Ordinary. The condition of the 
Ringorm and of the Spey, immediately below the confluence of the 
Ringorm, forty years ago, and the condition of those waters now, are 
matters of plain fact. There is, I think, abundant evidence to establish 
that those waters were (to use the Lord Ordinary’s phrase), until a 
period well within the prescriptive period, unaffected by artificial 
impurities and fit for the primary uses. Their present condition, as 
spoken to by credible witnesses, is one of manifest pollution. That the 
defender’s distillery materially contributes to this pollution is proved 
by very conclusive evidence. The Ringorm Burn affords the sharpest 
test of this last fact, for to the artificial pollution of that stream there 
has never been any other contributor, but the influence of the defender’s 
discharges on the water of the Spey is distinctly traced. These general 
propositions rest upon evidence which in quality and in amount leaves 
no reasonable doubt. 

It is necessary, however, to distinguish between the pollution before 
and the pollution after the execution of the defender’s remedial works. 
These works have apparently made some differences, although it cannot 
be said that those differences are all for the better. What is quite 
certain 1s that the water continues to be polluted from this distillery to 
a material extent. It matters little whether since those works were 
executed less stuff goes into the Ringorm and more directly into the 
Spey, or whether there is now less of one offensive substance and more 
of another. The scientific evidence, led at enormous length, does not 
prove, and does not even go towards proving, that the nuisance has 
been abated. 

Accordingly I hold that the illegal act of polluting these waters is 
brought home to the defender. There remains, however, the question 
whether the pursuers have proved that they have been injured, and 
T agree with the defender that the case of each pursuer must be con- 
sidered separately. The position of Mr. Grant of Wester Elchies is 
the narrowest geographically but the strongest argumentatively. He 
is proprietor of the right bank of the Ringorm, and of so much of the 
Spey as is ex adverso of the west half of the channel of the Ringorm. 
He is therefore directly interested both in the polluted part of the 
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Ringorm and the polluted part of the Spey, and no exception can be 
taken to his title. As regards the proprietor of Aberlour, I hold with 
the Lord Ordinary that it is proved in fact that the Spey ea adverso of 
his lands has been materially polluted by the defender’s discharges. 
That Lady Seafield’s estate has been injured, if there be pollution at all, 
cannot be disputed as matter of fact, as regards both the Ringorm and 
the Spey, her lands extending ex adverso of both streams on their lett 
banks. The argument against her Ladyship is founded on a feu contract 
entered into between her and the defender’s predecessor in 1886, and it 
is said that she is barred from insisting in the present action. I am 
happy to know that Lord Kinnear will discuss this branch of the case 
more fully, but 1 may say that although the feu-contract commits Lady 
Seafield to the use of the ground asa distillery and the use of the 
Ringorm water for the purposes of the distillery, it confers no license 
to pollute, unless that is implied in those uses. That a distillery may 
be carried on at the place in question, and may use the Ringorm water 
without pollution, is not only credible but is proved in this case—for 
forty years ago there was a distillery, and the water was not the less fit 
for primary purposes. Accordingly it was for the defender, if he had 
a case of that kind, to prove that the distillery could only be carried on 
and could only use the water on condition of polluting the two streams, 
and that, in fact, this was being done in 1886. This, however, has not 
been proved. Indeed, evidence to this effect would have been inconsistent 
with the defender’s general case, and inconsistent also with the salient 
fact that the enormous increase in the size of the distillery after 1886 
has been the true origin of the gross pollution which is now complained 
of. Accordingly I think that Lady Seafield is not barred by the feu- 
contract. 

The position of Mrs. Kinloch Grant of Arndilly is different from 
that of any other of the pursuers, for her property is much further 
down the Spey. Now I find it impossible to affirm anything about 
the condition of the Spey at Arndilly, either forty years ago or now, for 
there is no evidence on the subject. For anything I know, the Spey 
may have rid itself of the defender’s pollution before it reaches Arndilly, 
and be perfectly potable; and on the other hand, the water may have 
been hopelessly polluted for generations from other quarters. In the 
potability or the pollution of the water ex adverso of other people’s lands 
this lady cannot acquire an interest merely by joining them asa pursuer, 
and she can only prevail in the action in so far as she has proved injury 
to herself. Now I think that Mrs. Kinloch Grant has done so in the 
single article of salmon fishing. Every proprietor of salmon-fishings is 
injured if the spawning-beds are spoiled, even in a part of the river 
away from his fishings. The community of interest among the pro- 
prietors of salmon-fishings in a river is recognised by law, and it is a 
fact. Now in the present case there is adequate evidence that these 
discharges are deleterious to the bed of the river for spawning purposes. 
The summons contains a conclusion appropriate to the protection of 
Mrs. Kinloch Grant, and to this extent, and to this extent only, [ think 
she is entitled to declarator. The matter is not of much practical 
importance, but as it is challenged, I do not think we could allow the 
general decree of declarator about primary uses to stand in Mrs. Kin- 
loch Grant’s favour, and I propose that our judgment on the whole 
matter should be to adhere to the findings and decrees of declarator in 
the two first heads of the interlocutor, in so far as those relate to the 
pursuers, other than Mrs. Kinloch Grant of Arndilly, and in regard to 
the said Mrs. Kinloch Grant, in place of the said findings and declarators, 
find and declare that the defender has no right or title to discharge into 
the Ringorm Burn, and through it into the river Spey, any impure 
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matter or liquid prejudicial to the salmon-fishings of the said pursuer 
Mrs. Kinloch Grant, and decern; guoad ultra adhere to the said inter- 
locutor as regards all pursuers. 

Lorp ApAM and Lorp M‘(Laren concurred. 

Lorp KinngEArR—I also concur with your Lordships. 1 think the 
main questions to be considered in this case are pure questions of fact, 
and upon these I agree entirely with your Lordship and with the Lord 
Ordinary, and therefore | think it would be an idle encroachment on 
the time of the Court if I were to add anything to what your Lordship 
has said. 

But there is a separate point which raises a different kind of ques- 
tion altogether—the defence that is rested on the defender’s construction 
of the feu-contract of 1886—and upon that I may state the reasons for 
which I have come to the same conclusion as your Lordship has. I 
think the defender’s construction of that feu-contract cannot be main- 
tained. ‘This raises quite a different question from that which has been 
considered in various cases where it has been proposed to make a 
landlord responsible for the nuisance created by his tenant because of 
his having let this land for a special purpose, which in ordinary course of 
business would probably create a nuisance. Jn these cases it has been 
maintained that a heritor complaining of nuisance is entitled to the same 
remedy against the landlord as against the tenant, because the landlord 
must be responsible for the direct consequences of his own act which he 
could not lawfully do by another; that is, by the tenant, if he could not 
lawfully do it himself. But the relation between Lady Seafield and tne 
other parties to the feu-contract of 1886 is not that of landlord and 
tenant, but of vendor and purchaser, and the purchaser who becomes 
the vassal acquires under that title an absolute right of property in the 
use of which he cannot be controlled by the superior so long as he 
performs the conditions on which he holds the land, so as to give the 
superior no right to put an end tothe feu. It would be quite impossible 
to interdict Lady Seafield (which the argument implies would be the 
right of the other pursuers) from polluting the Ringorm Burn or the 
river Spey by discharges from the defender’s distillery, because she could 
do nothing whatever to carry out the order of the Court except by 
obtaining an interdict herself against the defender, which, ex hypothesi 
of the argument, she is not entitled todo. But then it is said, at least 
so [ understand the argument, that treating the case as one of superior 
and vassal, by the terms of the deed Lady Seafield expressly confers on 
her vassal the right to use the water of the Ringorm Burn so as to 
pollute both that stream and the river Spey in the manner complained 
of, or at all events, that she expressly surrenders her own right to com- 
plain if the stream should be so polluted. That is rested on two clauses 
of the feu-contract—first, the dispositive clause, by which the superior 
“sells and in feu-farm dispones ... . toJames Stuart . . . the 
distillery of Macallan, with the right to take water for the use thereof 
from the Burn of Ringorm by pipes laid or to be laid from the said burn 
through the farm of Overton;” and the clause by which it is declared 
“that it shall not be lawful to nor in the power of the said James Stuart 
or his foresaids to erect or carry on upon the piece of ground hereby 
disponed any manufactures or operations which may be legally deemed 
a nuisance, or be dangerous or injurious to the amenity of the neigh- 
bourhood, but which declaration shall not apply to the carrying on of 
the said distillery.” Now, I think that those two clauses must be con- 
sidered separately, because they raise different questions, both as regards: 
construction and legal effect. The first is said to be an express grant of 
the right to use the water of the Ringorm Burn in the very manner 
of which the pursuer now complains. I do not think it can be so 
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construed. It is a right to take water from the burn, and that is 
expressed certainly in very general terms, and I do not at all doubt 
in terms wide enough to cover all the right to take water from the 
burn for that purpose which the granter possessed. But in any fair 
construction of the words of grant it cannot mean more than that. It 
is a grant of a special right along with a conveyance of land, and it is 
covered just as much as the grant of the land by the warrandice clause, 
and therefore Lady Seafield gives right and warrants it to the grantee 
in general terms to take water from this burn. Now, there can be no 
question at all as to the nature and extent of the right she herself 
possessed, and which alone she could give to anybody else. She was 
not the sole riparian proprietor, and therefore though she was entitled 
to divert water from the stream for the purpose of any manufacture if 
she chose to do so, she could only do it upon the condition and obliga- 
tion of returning all the water which she did not consume for primary 
purposes to its channel within her own ground, undiminished in quantity 
and undeteriorated in quality. She had no right whatever, as against 
the lower heritors, to pollute either the Ringorm Burn or the River 
Spey, and therefore the grant of all the right she had or could pretend to 
have would not enable her grantee to pollute this stream either. I think 
it the more difficult to put a wider construction on the terms of the 
contract so as to make them cover rights which she did not possess and 
could not dispone, because the warrandice must be equally comprehen- 
sive, and the defender’s argument, if it were carried to its logical con- 
clusion, would mean that Lady Seafield is not only precluded from 
complaining of pollution herself, but is bound to protect him against 
complaints of lower heritors, and to make good to him any loss that 
may be occasioned by their interference with the right which she has 
conferred. I cannot put that construction on the clause, and cannot read 
into it words which are not there, so as to make it mean that the 
superior grants to the vassal the right to take and use the water of the 
burn free from any condition or obligation affecting the superior herself 
to restore it unpolluted lower down the stream. Lady Seafield could 
not grant that right, and I do not think that, if it had been expressed 
in clear terms, any superior would have signed the feu-contract, and 
therefore | am unable to import by implication words which would have 
so serious an effect on the rights of parties when they are not expressed. 
But then it is said that this is implied by the specification of the use for 
which the water may be taken. It is to be taken for the use of the 
distillery, but that appears to me to add nothing to the meaning, fairly 
read, of the words of grant, unless it could be maintained that 
as matter ot fact the distillery could not be carried on in the 
ordinary course of business without polluting the stream in the 
manner complained of. Now that is not alleged, and it certainly 
is not proved, and it therefore appears to me that these words 
add nothing to the fair meaning of the words of grant taken 
apart from them. Another view was suggested—that at all events 
the feu-contract must be read with reference to the condition of 
the burn at the time it was executed, and therefore that the vassal must 
have right to continue the same kind of pollution to the same effect as 
existed in 1886—the doctrine invoked being that the contract must be 
construed with reference to the facts to which it relates. Now I think 
it would be extremely difficult to apply that method of construction to 
such a title as this, because it is a grant of land in perpetuity, and a 
special heritable right is granted along with the land, and as a pertinent 
of it; and I think it would be extremely difficult to hold that the 
character and measure of that grant, into whose hands soever the lands 
may come at any distance of time, has to be determined, not by refer- 
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ence to anything expressed in the title, or preserved on record, but 
by reference to an extrinsic state of facts known ex hypothesi to the 
granter and grantee at the time, but which their singular successors 
could not possibly know anything about at a distance of time, because 
there is no record of evidence to explain it. But if such a method of 
construction were applicable at all, then I agree with an observation 
that was made by your Lordship, that it lies with the defender—main- 
taining that the words of a feu-contract are to carry a wider meaning 
than that which, if construed alone, they would bear by implication 
from a specific state of facts—to aver on record that state of facts, and 
to establish it by evidence. Now there is no such averment on record, 
and there is no evidence—no specific evidence—of the actual condition 
of the water in 1886, which would enable us to say what is the measure 
of the right conferred on the vassal by the feu-contract. There is no 
attempt to clear up the contract in that way by evidence, if it was 
possible to clear 1t up; and I am of opinion, therefore, that this clause 
at all events cannot be so construed as to confer on the vassal any higher 
right than Lady Seafield possessed. 

But then it is said that the second clause, to which I adverted, bars 
the superior from the present complaint. That is an exception from 
the clause for the prevention of nuisance. It is declared that the vassal 
shall not be entitled to carry on manufactures which may be deemed a 
nuisance—excepting from that declaration the carrying on of the said 
distillery—and as I understand the argument, it is said that is an 
express permission to carry on the distillery, and that therefore the 
pursuer cannot complain on the maxim volenti non fit injuria. I think 
that would be a very good answer to an action at the pursuer’s instance 
to put down a distillery as a nuisance. I do not think that she would 
be in a position to maintain that the distillery as such is a nuisance 
prohibited by this clause. But the only purpose of the exception is to 
take the distillery out of the scope of the clause prohibiting nuisances, 
and when it has served that purpose there appears to me to be no other 
meaning that can be given to it, and therefore on this branch of the 
contract also, as on the other, it would be indispensable for the defender 
to show that the distillery could not in fact be carried on without pro- 
ducing this particular nuisance of which the pursuer complains; and 
as your Lordship has pointed out, that has not been proved. Indeed, it 
is not consistent with the defender’s case to maintain it. That there 
may have been a discharge of impurities into the Ringorm Burn at the 
time the contract was granted, or that such a discharge may be very 
probably, if not necessarily, a consequence of carrying on the distillery, 
is a very different matter, because in all these cases the question is not 
one of degree. It cannot be alleged of any running stream that it is 
absolutely free from impurities at any time, and therefore the question 
always is, whether the person complained of has discharged into the 
river Impurities so much greater in character and degree than what 
had been discharged within the prescriptive period as to create a 
nuisance. I think that is the true question in the present case, and 
that it is proved that the defenders have polluted the stream to a much 
greater extent than had ever been done before, and therefore if the 
clause in question were held to contemplate that some degree of impurity 
may be discharged into the stream, it does not follow that it contem- 
plates what the defender is now doing. It appears to me that the 
condition of the contract which is founded on, by which the carrying 
on of the distillery is excepted from the general prohibition of nuisances, 
cannot be carried further than to bar the superior from complaining of 
the distillery as such being necessarily in itself a nuisance. That she 
does not do in this action, and therefore I think the plea of bai falls. 
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On all the other points in the case, as I have said, I entirely agree 
with your Lordships. 
The Court pronounced the following interlocutor :— 

“ Adhere to the findings and decrees of declarator in the two 
first heads of the interlocutor reclaimed against, in so far as 
these relate to the pursuers other than Mrs. Kinloch Grant, 
Arndilly: And in regard to the said Mrs. Kinloch Grant, in 
place of the said findings and declarators, Find and declare that 
the defender has no right or title to discharge into the Ringorm 
Burn, and through it into the river Spey, any impure matter or 
liquid prejudicial to the salmon-fishings of the said Mrs. 
Kinloch Grant: Quoad ultra adhere to the said interlocutor as 
regards all the pursuers,” &c. 
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NOTE V. 


Four TABLES, showing the AVERAGE WEIGHT OF THE 
AMOUNT OF SALMON carried by Railway Companies 
and Steamship Owners from Stations and Ports of 
Scotland during the quinquennial period, 1894-1898. 

TABLE I. 
Berwick to Cairnbulg Point—Total, 1166 tons, 18ewts., 1Qr, 44]bs. 
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TABLE |1.—continued. 
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| | 
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TABLE I—continued. 


| | | 
Railway Station or Port, Tons. | Cwts. Qrs, Lbs. |’ 


Ese oe = 7 eee er : 
Tay District—continued. 
Guardbridge er a — 1 2 a 8 


St. Andrews fe at Bh fa aah mek ae 


West Ferry ey a 3 — — 22 | 
Broughty Ferry... § 1 10 2 | 17 | 
Monifieth ay a 9 11 ms bag | 
Barry... re ss 10 oe 
Carnoustie a o 7 13 2 | 25 | 
Kasthaven Ss - 6 = 1 | 6 
Elliot Juuction _... a 1 16 os | 15 
Killin... war i. -—- 14 — 19 


SoutH Esk District. 
Montrose ae a 79 | 11 
Norru Esk Districy, | 
Montrose Sey = 95 
BERVIE DIstTRICT. 
Lunan Bay re 2 Tay 5 
Craigo... a ea — | 6 
St. Cyrus x Be 15s — 
Lauriston ne ae 10 | 1 
Johnshaven ae 5. 8. eS 


| 
| 


Bervie ... 2 S| 68 Sie ee es a 
DEE, Don, YTHAN, AND UGIE © | 

DISTRICTS. | | 
Portlethen i. | =o — = a= : 
Aberdeen a, a 336 14 3 224 

Newtonhill RY: -. 8 | 17 3 16 
Stonehaven se AR ae 7 3 6 | 
Peterhead ae -. | 44 | 11 -- 22 | 
Boddam ... a ve | — : 17 aay 22 | 
Cruden Bay ase as | 5 | 1 3 | 22 | 


2 ‘ Nerd 
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TABLE IT. 
Cairnbulg Point toCape Wrath—Total, 900 tons, 17 ewts, 3 qr's, 8 lbs. 


| | 
| | 


Railway Station or Port. & Dons: Cwts. | -Qrs. Lbs, | 


| 
\ 


ati ie ee | 
| 
| 
| 
| 


| 
DEVERON Disrrict. | 
| 
| 


Fraserburgh se sch 64 8 3 22 
Ladysbridge om He 8 18 2 — 
| Macduff... sus ae, — xs = es 
Banff... 1) a. 8 8 1 xe 
| 


| SpEY AND LOSSIE DISTRICTs, 


| Kinceraig ... We ha — 19 2 6 

| Dunphail es ie | — — om 26 

| Aviemore ihe mee | -—— — rel = 

| Fochahbers td és 210 15 1 | 4 

| Orbliston ... es mE -_ -— 3. 2 
Portsoy ... Aca Ean 30e | ial 3 — 

| Cullen... ns J (me a sea 2 1 

| Findochty a sehen al 12 1 1 | 
Buckie... ES hme dee eee 6 | 
Buckpool ae ae & 15 | 4 | 1 Sea 

| Lossiemouth us Aen 40 oo — y/ 
Portgordon a ee es | fa | = = 

FINDHORN DIsTRICT. 

Nairm= .., ae ae i 62 19 2 — 
Forres | 6 13 3 12 
Kinloss | 61 5 2 ia | 
Burghead nh ve | 33 2 aru 17 
Hopeman Sa ie | —- 19 1 | 22 


Ness AND BEAULY DISTRICTS. 


Fortrose ... a A 24 15 —- = 
Fort George me) Re’ es — — == 
Inverness ae ‘ee | 18 2 | 3 a 
Beauly... . ue | = emg, = 2s 13 
Muir of Ord ae fA | 2 17 — 4 
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TABLE II,—continued. 


oa Railway Station or Port. = - |} Tons. | Cwts. | Qrs. 
Mame Ib 
| Conon and ALNEss Districts. 
Conon... st eo — — — 
Dingwall... a S 16 14 | 3 
Novar—..: igs = ol ee 1 
Alness'~ 2 x tees 17 2 
Invergordon e, e. 20 6° 3 
Delny _ ... ce a 24 = —- 
KYLE OF SUTHERLAND DISTRICT. | 
Tain a sa 1 6 2 
Fearit =... a oe 23 16 433 
Bonarbridge a oh 40 | -- | 1 
| Invershin a 2 1 8 | 3 
| Laireaes. : tt e. — — | = 
FLEET OR Brora DIsrRIcr. | 
Brorg ..:. th =. 1 12 | 3 
Loth 5) ate -. 2 3 | 1 
Golspie | 1 17 | 1 
| HELMSDALE AND WIckK Districts. | 
| Helmsdale | = 82 | 8 | 1 
Kildonan me as 1 5 | 1 
Wigke S.:.. my i. 44 10 | — 
| Forsinard Ps = 29 18 | 2 
Halkirk ... A a == | — | = 
Tharso 4... rh | 56 | 9 | 1 


Kinbrace... a . | = | == 3 
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TABLE III. 
Cape Wrath to Glasgow—Total 403 tons, 7ewt., lgr., 20lbs. 


! 


| 


Railway Station, Port, or Steamer. | Tons.  Cwts, | Qrs. Lbs. 
hh i (st aaa ee el EI 
| | | 

Care WraTH TO GLASGow. | | 
| Stornoway ak 2, 26 | 11 | 2 | Tk | 

Portree ... = or (Se 13 | o- | — 
Attadale ... -* | oa Wr reals 
Garve ... i. et (2th | al 
| Auchnasheen ae | ~- | 14 2 | 2 
| Glenelg ... ue, ry eee = a aaa 
| Strome Ferry Aa an 41 | if | 2 | 1 | 
Kyle of Lochalsh ... ae 8 | 6 | 2 | 11 
| ‘*Claymore”’ or ‘‘ Clansman”’ | 29 | 15 | ae 25 ! 
| Glasgow Steam Packet Co. ... | 2 | 14 | Ae ll 20 | 
! ‘‘Dunara Castle”... a | — — | = | - 
| Other Steamers _... Af | === 1 4 2 | 11 
| Fort- William ‘ef a | ce) - wate 2 
Spean bridge aA - | — | — —— | as 
| Tobermory | -- 2 | 3 9 
Banavie ... Be 503 | — z 1 | 16 
Oban... és ee 678 |< 16 Ig ys | 
Connelferry . S | —- | 9 a 17 
Taynuilt... me a 16 18 -—- 22 
Gourock .., Bee ot . 5 15 —_ — | 
Dumbarton bere een | — ra 2 2 | 
| Glasgow (Central)... | 32 5 | 3 22 
| Glasgow (St. Enoch) me) 56 11 | ae 17 
Glasgow (Queen Street) as 2 Ps 1 | 11 
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TABLE TV. 


| 


Railway Station or Port. Tons. | Cwts. Qrs._ | 


{ 
| 
Avr DISTRICT. | | | 
Ayr = te bee | 3 9 3 


GIRVAN DISTRICT. 


Girvan ... a. pa 10 — 


mn SS ee 


STINCHAR DISTRICT. | 
Pinwherry Sn a | 6 130 2 
Stranraer See ste 3 17 2 

Nitu Districv. | 
Dumfries age ao | itz 1 3 


ANNAN DISvVRIct. 


Gretna Green __.... = | 1 ihe | 2 | 
| | 

Annan ... a mee | | lia £629 ar 

Dornoch ... on a | 18 if a 


Bowness ... an | 13 18: 4 = 


CreEE DISTRICT. 


Creetown a: =! | 9 10 | ca 


Newton Stewart... a | 5 i 


FLEET DISTRICT. 


Dromore... ae =e 1 2 — 


BLADENOCH DIsTRICT. 


xarliestown ie re. 10 7 — 
Wigtown nae 5, — 16 — 
Whithorn as ai. = —_ 1 


Luce District, 


Glenluce : Sree a4 3 16 


Urr DISTRICT. 
Dalbeattie sa . 2 1 3 
DEE (Solway) District, 


Castle Douglas ... 


Bridge of Dee 
Tarff 
Kirkeudbright 26 13 2 
Doon DIsTRICT, 


| 
| 
Maybole se aM — 2 3 


Lbs. 


10 


Ue 


iM 


27 


id 
22 


iS) 
or 


il 


22 


11 


Glasgow to the Border—Total 259 tons, 3ewt., 2qrs., Slbs. 
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NOTE VI, 


wf ed 


ANNUAL CLOSE TIME APPLICABLE TO THE SALMON 
RIVERS IN SCOTLAND. 


V.B.—Observe that, in the following List, the days fixing the commencement and 
termination of the Annual Close ‘Time for Net- fishing and for Rod- fishing, respec- 
tively, are in all cases inclusive, as in the case of the Add, the first river in the 


a a ae i a | 
| 
| 


List. 


Name of River. 


Add, 


Aline, 

Alness, 

Annan, 

Applecross, 

Arnisdale (Loch ‘Hour "), 
Awe, 

Aylort (Kinloch), 


Ayr, 

Baa and Goladoir, 

Badachro and Kerry (Geir 
loch), .. , 

Balgay and Shieldag, 

Beauly, : 

Berriedale, 

Bervie, . 

Bladenoch, 

Broom, 

Brora, : 

Carradale (in Cantyre), 

Carron, . 

Clayburn, Finnisbay, ‘Aven- 
nangeren, Strathgravat, 
North Lacastile, ‘Scala. 


dale and Mawrig Me | 


Harvis), : 
Clyde and Leven, 
Conon, 
Cree, ; : : 
Creed or Stornoway, and 

Laxay (Island of Lews), 
Creran (Loch Creran), 
Croe and _ Shiel 

Duich), . 

Dee (Aberdeenshire), . : 
Dee (Kirkcudbr as 
Deveron, ; 


(ech 


Doon, 

Drummachloy or Glenmore 
(Isle of he 

Dunbeath, 

Earn, 

Eckaig, 

Esk, North, 

Esk, South, 

Ewe, : 


Annual Close Time for 


Net-fishing. 


From Sept. 1 to Feb. 15, 


both days inclusive. 


From Aug. 
From Aug. 


From Sept. 


From Aug. 
From Aug, 
From Aug. 
From Aug. 
From Aug. 
From Aug. 


From Aug. 
From Aug. 
From Aug. 


From Aug. 
From Sept. 


From Aug. 
From Aug. 
From Aug. 


| From Sept. 


From Aug. 


From Sept. 


From Aug. 
From Aug. 
From Aug. 


From Aug. 
From Aug. 


From Aug. 
From Aug, 
From Aug. 
From Aug. 
From Aug 
From Aug. 


From Sept. 1 to Feb. 
27 to Feb. 
27 to Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 
27 to Feb. 


From Aug. 
From Aug. 


From Sept, 
From Sept. 
From Sept. 
From Aug. 


27 to Feb. 
27 to Feb. 
10 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb, 
27 to Feb. 
27 to Feb. 
27 to Feb. 


27 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 
10 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 
10 to Feb. 
27 to Feb. 


10 to Feb, 
27 to Feb. 
27 to Feb. 
27 to Feb. 


27 to Feb. 
27 to Feb. 


27 to Feb. 
27 to Feb. 
27 to Feb. 
27 ta Feb. 
5 27 te Feb. 
27 to Feb. 


10. 
10. 
24. 
10. | 
10. 
10. 
10. 
10. 
10, 


10. 
LO: 
10. 
10. 
24. 
10. 
LO. 
10. 
24, 
10. 


24, 
10. 
10. 
10. 


NO: 
10. 


10. 
10. 
10; 
10. 
10. 
10. 


15. 
10. 
10. 
15. 
15. 
15. 
10. 


Annual Close Time for 
Rod-fishing. 


From Nov. 


1 to Feb .15, | 


both days inclusive. 


From Nov. 
From Nov. 
| From Nov. 
From Nov. 
From Noy. 
From Nov. 
From Nov. 
| From Nov. 


From Nov. 


' From Novy. 
From Noy. 
| From Oct. 


From Nov. 
From Novy. 


| From Nov. 


From Nov. 


From Nov. 
From Nov, 
From Nov. 


From Nov. 
From Nov. 
From Nov, 


From Novy. 


'From Nov. 
From Nov. 


' From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 


From Oct. 16 to Feb. 
From Oct. 16 to Feb. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 1 to Feb. 


16 to Feb. 


1 to Feb. 
1 to Feb. 
16 to Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 


10. 
10. 
24. 
10. 
10; 


10. 
10. 
10. 


1 to Feb. 
1 to Feb. 


1 to Feb. 
1 to Feb, 
1 to Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 


1 to Feb. ‘ 
1 to Feb, 
1 to Feb. 
1 to Feb. 


1 to Feb. 
1 to Feb. 10. 


1 to Feb, 
1 to.Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 
1 to Feb. 


1 to Jan. 
1 to Feb. 
1 to Feb. 15. 


15. 


From Nov. 1 to Feb. 10. 


| 


10. | 
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Annual Close Time for 
Rod-fishing. 


Annual Close Time for 


Name of River. Net-Ashing. 


| 
‘Fincastle, Meaveg, Ballana- 
chist, 


South  Lacastile, | 


Borve, and Obb MG est 
Harris), From Sept. 10 to Feb. 24. From Nov. 1 to Fob. 24. 
Findhorn, : From Aug. 27 to Feb. 10. From Nov. 1 to Feb. 10. 
Fleet (Sutherlandshire) ie From Sept. 10 to Feb. 24.| From Nov. 1 to Feb. 24. 
Fleet (Kirkeudbrightshire), | From Sept. 10 to Feb. 24. | From Nov. 1 to Feb, 24. 
| | Forss, From Ang. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
For th, From Aug. 27 to Feb. 10. | From Nov, 1 to Feb. 10. 
| Fyne, Shira, ‘and " Aray 
(Loch Fyne), : . | From Sept. 1 to Feb. 15. | From Nov. 1 to Feb. 15. 
Girvan, From Sept. 10 to Feb, 24. | From Noy. 1 to Feb, 24. 
‘Glenelg, From Aug. 27 to Feb. 10. | From Nov, 1 to Feb. 10. 
' Gour, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
| Greiss, Laxdale, | or Thunga, From Aug, 27 to Feb. 10. | From Noy, 1 to Feb. 10. 
Grudie or Dionard, From Aug. 27 to Feb. 10, | From Nov. 1 to Feb. 10. 
'Gruinard and Little Gruin- 
| _ ard, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Halladale, Strathy, Naver, 
and Bor cie, From Aug. 27 to Feb. 10. | From Oct. J to Jan. 10. 
Helmsdale, é From Aug. 27 to Feb. 10. | From Oct. 1 to Jan. 10. 
Hope and Polla or Strathheg, From Aug. 27 to Feb, 10. | From Sept. 11 to Jan. 10. 
Howmore, . From Sept. 10 to Feb. 24, | From Nov. 1 to Feb. 24. 
Inchard, - From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Inner (in Jura), . From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
| Inver, : . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
lorsa (in Arran), From Sept. 10 to Feb. 24.| From Nov. 1 to Feb. 24. 
Irvine and Garnock, From Sept. 10 to Feb, 24.| From Nov. 1 to Feb. 24. | 
| Kennart, From Aug. 27 to Feb. 10.) From Nov. 1 to Feb. 10. 
| Kilchoan or Inverie (Loch 
loo pavers From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Kinloch (Kyle of Tongue), . From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Kirkaig, . From Aug. 27 to Feb, 10. | From Nov. 1 to Feb, 10, 
Kishorn, : From Aug. 27 to Feb. 10, | From Nov. 1 to Feb. 10. 
Kyle of Sutherland, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Laggan and Sorn (island oe 
Islay), : From Sept. 10 to Feb, 24. | From Nov. 1 to Feb. 24. 
Laxford, From Aug. 27 to Feb. 10, | From Nov. 1 to Feb. 10. 
| Leven, ; From Aug. 27 to Feb, 10. | From Nov. 1 to Feb. 10, 
Little Loch Broom, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Lochy, : . From Aug. 27 to Feb. 10. | From Noy. 1 to Feb. 10. 
| Loch Duich, . From Aug. 27 to Feb. 10. | From Nov, 1 to Feb. 10. 
| Loch Luing, From Aug. 27 to Feb. 10, | From Nov. 1 to Feb. 10. 
| Loch Roag, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10, | 
_ Lossie, From Aug. 27 to Feb. 10, From Oct. 16 to Feb. 10. | 
Luce, From Sept. 10 to Feb. 24, From Nov, 1 to Feb. 24. | 
Lussa (Island of Mull), From Aug. 27 to Feb. 10. | From Nov. 1 to Feb, 10, 
Moidart, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10, 
Morar, ; : From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Mulanageren, " Horasar y, 
| and Lochnaciste (North 
| _ Uist), ; From Sept. 10 to Feb, 24. | From Nov. 1 to Feb. 24. 
| Nairn, : From Aug. 27 to Feb. 10.| From Nov. 1 to Feb. 10. 
| Nell, Feochan, and Euchar, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
| Ness, From Aug. 27 to Feb, 10. | From Oct. 16 to Feb. 10. 
‘Nith, From Sept. 10 to Feb. 24. | From Nov. 15 to Feb. 24, 
Orkney Islands (River from 
Loch of Stenness, &c.), From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
Ormsary (Loch Killisport), 
Loch Head, and Stor- 
noway (Mull of Cantirc), From Aug. 27 to Feb. 10. | From Nov, 1 to Feb. 10. 
Penn eee or Glenforsa, 
_ and Aros From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Resort, From Aug. 27 to Feb, 10, | From Nov. 1 to Feb. 10, 
| Ruel, From Sept. 1 to Feb. 15.| From Nov. 1 to Feb, 15. 
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LIST OF CHAIRMEN AND CLERKS OF SALMON FISHERY DISTRICT 


BOARDS IN SCOTLAND. 


DISTRICT. 


Alness, . . 


Annan, . 

Awe, . 

ZAR 

Baa & Glencoill- 
eader (Mull), 

Balgay, . 


Bervie, . 


Broom, . 


Conon, 


Cree, . 

Dee (Aberdeen), 
Dee (Solway), . 
Deveron, 

Don, . 


Doon, 


Esk (North), 


| Gruinard and 


Esk (South), 
Findhorn, 


Forth, 


Girvan, . . 


Little Grui- 
nard, 
Kyle of Suther- 
land, 
Little Broom, . 


Name and Address of Chairman. 


Col. Alex. J. C. Warrand, Ryefield House, 
Conon Bridge, Dingwall. 

A. Johnstone Douglas, Esq., Comlongan 
Castle, Ruthwell. 


The Marquess of Breadalbane, Taymouth | 


Castle, Perthshire. 

Richard <A. Oswald, Esq. 
cruive, Ayr. 

The Duke of Argyll, Inveraray Castle, 
Inveraray. 

C. R. Manners, Esq., C.E., 12 Lombard 
Street, Inverness. 

David Scott Porteous, Esq. of Lauriston, 
as mandatory of the Commissioners of 
Woods and Forests. 

Sir Arthur George Ramsay Mackenzie of 
Coul. Bart., Coul House, Strathpeffer, 

John Little Mounsey, Esq., W.S., 5 
Thistle Street, Edinburgh, Commis- 
sioner for Col. J. A. F. H. Stewart 
Mackenzie of Seaforth, 

The Ear] of Galloway, Cumloden, Newton- 
Stewart. 

The Lord Provost of Aberdeen, 


of Auchin- 


H. G, Murray Stewart, Esq. of Broughton, 
Gatehouse. 
A, F. Leslie, Esq. of Montcoftfer, Banff. 


George Falconer, Esq., as mandatory for | 


the Aberdeen Shipmasters’ Society. 


Marquis of Ailsa, Culzean Castle, May-— 


bole. 
The Rev. J. S. More Gordon of Charleton 


Name and Address of Clerk. 


William J. Duncan, Solicitor, Ding- 
wall, 


| 
| 
| 


John F. Cormack, Solicitor, Lockerbie. | 


Alex. MacArthur, Solicitor, Oban. 


William Macrorie, Commercial Bank, 


Ayr. : 
Alex. MacArthur, Solicitor, Oban. 


| 
| 


Duncan Shaw, W.S., 42 High Street, 


Inverness. 
Arthur Dickson, Solicitor, Montrose. 
W. R. 'T. Middleton, Solicitor, Ding- 
] 


wall. 
Edmund J. Gunn, Solicitor, Dingwall. 


A. B. Matthews, Solicitor, Newton- 
Stewart. 
Alex, Dutfus, Advocate, Aberdeen. 


W. Nicholson, Sheriff-Clerk, Kirkcud- 
bright. 


| Francis George, Solicitor, Banff. 


and Kinnaber, per George More Gordon, | 


Esq., Charleton, Montrose. 
James Johnston, Esq., Montrose. 
J. J. Meiklejohn, Esq., Novar, Ross- 

Esq., M.P. 

Mandatory of Commissioners of Woods and 

Forests. 

John Campbell Kennedy, Esq. of Dunure. 


Alfred N. G. Aitken, Esq., S.S.C., Edin- 
burgh, Factor and Commissioner for 
Hugh Mackenzie, Esq., of Dundounell. 

Sir Charles Lockhart Ross, Bart. of Bal- 
nagowan., 


Alex. Duffus, Advocate, Aberdeen. 
W. Macrorie, Solicitor, Ayr. 


Arthur Dickson, Solicitor, Montrose. 


| James Don and David G. Shiel, Solici- 


Alfred N. G. Aitken, Esq.,$.S.C., Edin- | 
burgh, Factor and Commissioner for | 


Hugh Mackenzie, Esq. of Dundonnell. 


Lord Abinger, Inverlochy Castle, Fort- | 


William. 
Murdoch G. Maclaine, Esq. of Lochbuie, 
Mull, 


Brodie of Brodie, Brodie Castle, Forres. 


Georgs Malcolm, Esq., Factor, Inver- | 


garry, Fort-Augustus. 


_John Henderson, Esq., Solicitor, Dum- 


| 
| 


fries. 


Lochy, 

Lussa (Mull) 
and River 
from Loch 
Uisk to Loch 
Bule, 

Nairn, 

Ness, . 

Nith,. 

Pennygowan or Vacant. 
Glenforsa, 
and 


(Mull), 


Aros | 


tors, Brechin. 


Wn. Grant, National Bank Buildings, 
shire, factor for R. C. Munro Ferguson, | 


Forres, 


Thomas L. Galbraith, Town-Clerk, | 


Stirling. 
T. Gerald Tait, Solicitor, Girvan. 


W. R. T. Middleton, Solicitor, 
wall. 


Ding- 


John Leslie, Solicitor, Dornoch. 


W. R. T. Middleton, Solicitor, Ding- 


wall. 


N. B. Mackenzie, 
William. 


Solicitor, Fort- 


! Alex. MacArthur, Solicitor, Oban. 


_H. T. Donaldson, Solicitor, Nairn. 


Wm. Mackay, Solicitor, Inverness. 


C. Steuart Phyn, Procurator-Fiscal, 
Dumfries. 


| Alex. MacArthur, Solicitor, Oban. 


| 
| 


| 
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NOTE VII. (continwed)—List OF CHAIRMEN AND CLERKS OF SALMON FISHERY DISTRICT 
BOARDS IN SCOTLAND. 


DISTRICT. Name and Address of Chairman. Name and Address of Clerk. 


Sligachan,/ Kenneth Macdonald, Esq.; as mandatory | Kenneth Macrae, Sheriff-Clerk, Port- 


Broadford, for L. Macdonald, Esq., of Skeabost. | ree: 
and Portree / | 
(Skye), 
Snizort, Orley, | Kenneth Macdonald, Esq.,as mandatory Kenneth Macrae, Sheriff-Clerk, Port- 
Oze,andDry-; for L. Macdonald, Esq., of Skeabost. ree, 
nock (Skye), . 
Spey, . . .j| The Duke of Richmond and Gordon, | John Wink and George A. Cooper, 
Gordon Castle, Fochabers. Solicitors, Elgin. 
Stinchar, . .j| The Earl of Stair, Lochinch, Wigtown- | Thomas C. Greig, Rephad, Stranraer. 
shire. 
AND Ns | Sir Robert Moncreiffe of Moncreiffe, Bart., | Mackenzie & Dickson, Solicitors, 
Moncreiffe House, Perthshire, as man- Perth. 


datory for the Hon. F. J. Moncreiff, 
curator bonis of E. B. Balfour Kay, 
Esq. of Mugdrum. 


Torridon, . .j|C. R. Manners, Esq., C.E., 12 Lombard | Duncan Shaw, W.S., 42 High Street, 
Street, Inverness. Inverness. 
Ugie, . . . | Lieut.-Col. Ferguson, of Pitfour, Mintlaw. | Robert Gray, Solicitor, Peterhead. 
Ythan, | Earl of Errol, Slains Castle, Aberdeen- | D.M.A.Chalmers, Advocate, Aberdeen. 
shire. 
Tweed (Police | Sir William Crossman, Cheswick, Beal, | James and David W. B. Tait, W.S., 
Committee of Northumberland. Kelso. 
the Commis- 
sioners), 


Note.—In addition to the districts specified above, the Duke of Sutherland is sole proprietor of the 
districts of the following rivers, viz. :—Helmsdale, Brora, Fleet, Kirkaig, Inver, Laxford, and Inchard 
(under the charge of his factor, Mr Donald M‘Lean, Dunrobin Office, Golspie); and the Halladale, 
Strathy, Naver, Borgie, Kinloch, Hope, Polla or Strathbeg, and Dionard or Grudie (under the charge 
of his factor, Mr John Box, Tongue); and the Countess of Cromartie is sole proprietrix of the 
district of the river Kennart (under the charge of her factor, Mr William Gunn, Cromartie Estate 
Office, Strathpeffer). 


Fishery Board for Scotland, 
. Edinburgh, 3rd Avril 1899 


Grascow: Prinrep sy JAS. HEDDERWICK & SONS 
For Her Maggsty’s STATIONERY OFFICE. 
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SEVENTEENTH ANNUAL REPORT. 


TO THE RIGHT HONOURABLE 
LORD BALFOUR or BURLEIGH. 


Her Majesty's Secretary for Scotland 


OrFicE oF THE FiIsHERY Boarti 
FOR SCOTLAND, 
EprnpurGH, Ist May 1899. 


My Lorp, 


In continuation of our Seventeenth Annual Report, we 
have the honour to submit— 


PART III.—SCIENTIFIC INVESTIGATIONS. 


GENERAL STATEMENT. 


Tus part of the Seventeenth Annual Report contains an account 
of the principal scientific investigations conducted by the Board 
during 1898, in connection with the sea fisheries. Besides the 
researches on the life-history and habits of the food fishes, and on the 
invertebrate fauna, the results of which are set forth in this 
Report, a number of other enquiries have been in progress, but are 
not yet completed. Among these may be mentioned the migrations 
of the food fishes, especially of the herring, the life-history of the 
edible crab, and the distribution of spawning fishes and of immature 
fishes in the Firth of Clyde and the Moray Firth. 

A considerable part of the scientific investigations have been 
carried on by means of the “ Garland,” the small steamer which the 
Board possesses for this work. As explained in previous Reports, 
the scope and the extent of the investigations have been restricted 
for the most part to the territorial waters and toe the firths and 
bays, owing to the small size of the “Garland.” Her registered 
tonnage is 36°4 tons, her length 84 feet 7 inches between perpen- 
diculars, and her breadth 15 feet, and she is only adapted to carry 
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a 25-feet beam trawl. Were the “Garland” replaced by an efficient 
sea-going vessel, capable of using a large trawl, as recommended by 
the Parliamentary Committee of 1893, 1t would be possible to con- 
duct the trawling investigations more satisfactorily, and at the same 
tame to extend the observations to the important fishing grounds 
lying at some distance from the shore, where the principal spawning 
areas are situated. It is in this direction that we must look in 
future for the greatest advances in the scientific knowledge of the 
problems connected with the regulation and conservation of the 
sea fisheries. 


THE INFLUENCE OF TRAWLING. 


The results of the trawling investigations carried on in 1898, 
together with the various Tablesembodying the detailed observations, 
are given in a special report (p. 17). In the course of the year the 
stations in the Moray Firth and the Firth of Clyde were examined 
in May, June, August, September, October, November, and Decem- 
ber, and the stations in Aberdeen Bay in April and May. The 
work in the latter part of the year was much interrupted by stormy 
weather. So faras the observations go, they show that in the Moray 
Firth the average number of flat-fishes captured in each haul of the 
net increased from 149 in 1897 to 167-7 last year. The increase 
was confined to dabs. Common dabs increased from an average 
per haul of 100°2 in the previous year to an average of 120°9. 
Long rough dabs also shghtly increased in numbers from an average 
of 18°8 in 1897 to 19:1 last year. On the other hand, the averages 
for plaice and lemon soles decreased to a slight extent—plaice from 
19-7 to 18°5, and lemon soles from 6°5 to 5-4. Among round-fishes 
the average per haul for the whole area was 48:8, as compared with 
32°8 in the previous year, and 49-4 in 1896. The increase was 
principally in gurnards. 

As explained in previous Reports, the trawling investigations in 
the Moray Fifth have not been carried on for a period sufficiently 
long or on a scale sufficiently extensive to enable conclusions to be 
drawn from them with any degree of certainty as to the results of 
the closure of the Firth. The extent of the Firth is great, and the 
number of hauls which have been made at the various stations 
within it is but little over 200, most of which have been made since 
the whole Firth was closed in 1892. 

The special statistics of the fish caught by line fishermen within 
the Moray Firth since 1894 are of considerable interest, especially 
in relation to the abundance of round-fishes in the various years. 
They show the number of “shots” of the line made by the large 
and small boats within the closed waters, the quantities of the 
various kinds of fishes caught in this way, and the average weight 
of the catches for each shot of the line. The following figures indi- 
cate the quantities and the averages per “shot” in each of the 
districts :— 
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1894. | 1895. | 1896. 1897. | 1898. | 
ee =| — _—— 3 | Sassen) 
District. | Cwts. |Av’rage.| Cwts. Av’rage. | Cwts. BY TBBe: Owts. |Av’rage., Owts. |Av’rag = 
| | | 
WWickwrc. .- | 19,008 | 2°47 | 23,009 | 4°03 | 31,556 | 540 | 44,258 | 616 | 31,383 | 6-49 
Lybster,. . | 4,408] 4°91 | 3,977) 877 | 4,041] 2°87 | 7,118 | 4:22 | 4,438 | 3-26 | 
Helmsdale, . | 15,826 | 3°52 | 16,669 | 4°15 | 18,360 | 4°71 | 17,148 | 4°91 | 13,143 | 3°84 | 
Cromarty, . | 21.346 | 3-07 | 19,193) 2°03 | 15,317] 2°51 | 14,736 | 2-48 | 12,498 | 2-065 
Findhorn, : | 60,074 4°04 68,761 4°86 | 63,521 4°46 46,694 2°66 30,770 | 2°088 
Buckie, . - | 48,540 4°21 50,489 4°66 57,450 5°05 50,067 4°77 41,102 4°24 
Banff, . . | 49,292/ 2-94 | 76,441 | 4-77 | 66,471 | 3:82 | 61,3291 3°70 | 36,057| 2713 | 
“218,494 3°05 | 258,589 4°43 | 256,916 4°26 | 241,350 3°83 -| 169,321 | 3°244 || 
: 


Comparison of these figures with those given in the ordinary 
statistical Tables published in Part I. of the Annual Report shows 
that by far the greater amount of the line-caught fish landed in 
the Moray Firth districts is taken from the Firth itself. Ofa total 
of 207,318 ewts. landed in these districts last year, 169,321 cwts. 
were obtained within the closed waters, and 37,997 ewts. outside 
the Firth. Thus over 80 per cent. was caught within the closed 
area, a proportion almost the same as in the previous year. In 
some of the districts—namely, Lybster, Helmsdale, and Cromarty— 
all the fish landed by lne fishermen were captured in the Firth. 

Last year the extent to which line fishing was carried on in the 
Moray Firth was much less than in the previous year, the total 
number of shots of the line having decreased from 62,875 to 52,183, 
a diminution of more than ten thousand, and the lowest since the 
Firth was closed. For the first time also since the Firth was closed 
the number of trips or shots of the large boats exhibited a falling- 
off—namely, from 14,059 in 1897 to 10,350. In 1894 the number 
was 7082, in 1895 7710, in 1896 11,917. The number of trips or 
shots of the small-line boats fell from 48,836 to 41,853—the lowest 
since 1894. 

With respect to the Heercerona in the quantities of fish taken by 
line in the Moray Firth in the various years, it will be seen from 
the figures in the above Table that the total quantity landed in 1898 
is the lowest in the series, and the average per shot is lower than in 
any year since 1894. The decrease in the quantity as compared 
with 1897 amounted to 72,029 cwts., the diminution of the average 
being from 3°83 cwts. to 3:24 cwts. The decrease in the quantity 
of line-caught fish in 1898 was not peculiar to the Moray Firth, 
but was common to the East Coast and to the whole coast of 
Scotland. In the Moray Firth it was most marked in the Banff 
district, in which the total quantity landed from the closed waters 
in 1898 was 56,057 cwts.,as against 61,529 cwts. in the previous year. 
In the Buckie district the decrease was from 950,067 cwts. to 
41,102 ewts.; in the Helmsdale and Cromarty districts it was less 
marked. The average catch per shot of the line fell in all the 
districts except Wick; in the Banff district it was reduced from 
37 cwts. in 1897 to 2°15 ewts. last year. 
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The quantity of all kinds of fish, except saithe, caught by line 
within the closed waters was less last year than in 1897; but the 
decrease was by far the greatest in cod and haddocks, as may be 
seen from the following Table :— 


FISH. | 1894. 1895. 1896. ; 1897. 1898. 
Cwts. |Av’ aee. Cwts. |Av’rage.| Cwts. |Av’rage.| Cwts. |Av’rage.| Cwts. |Av’rage. 

Cod - - - | 382,571 | 0°5 47,646 0° 1. 64,663 | 1°07 79,731 | 1°26 56,203 | 1°07 | 
Ling - - - 2,169 Onge 2,937 | 0°005 3,868 | 0°062 3,544 | 0°056 2,567 0:049 2 | 
Torsk - . - 25}; 0°002 24 a 94 o— 25 — 43 — | 
Saithe - - - | 6,120) 0:09 5,083} 0:087 | 10,636} 0°17 11,761} 0-18 14,881 | 0°28 iq 
Haddock - - | 153,529 | 2°47 1785370) 1 3:056)) 15657037) 226 126,031 | 2°004 81,098 | 1°554 
Whiting - ~-| 5,845] 0°094 | 5,114] 0-087 | 4,836] 0:08 3,319| 0:052 | 1,535] 0-029 
Turbot - - - 5 — -- -- 15 — 16 — 13 — 
Halibut - - | 254] 0°004 403 | 0:007 691} 0°011 707 | 0-011 730 | 0013 
Lemon Sole - A -- -- -- 19 _- 14 — 1 -- 
‘Flounder ,Plaice, | \ 

and Brill” 5,477 | 0°088 5,765 | 0:09 3,402 | 0:056 3,978 | 0:063 3,425 | 9:065 
Conger - - 1,244 | 0:02 Udita Ox013 823 0°013 1,533 | 0°024 826} 0°015 
Skate, - - - 3,281 | 0:053 3,014 | 0°051 3,683 | 0-061 3,999 | 0°063 3,273 | 0°062 . 
Other kinds of 

White Fish - 7,976 | 0:°128 9,456 | 0°16 7,483 | 0°12 6,663 | 0°105 4,574} 0°087 


| 
| 

The quantity of cod—which had been increasing each year from | 
1894 to 1897—fell from 79,731 cwts. in 1897 to 56,208 ecwts. in ; | 
1898, a decrease of 23,523 cwts. The average per “shot” also | 
fell from 1:26 ewts. to 1:07 ewts. The diminution in the abundance | 
of haddocks was even more marked. The quantity landed from the | 
Moray Firth in 1897 was 126,031 cwts.; last year it amounted only | 
to 81,098 cwts., or nearly 45,000 cwts. less. In 1895 the quantity 
was more than double what it was last year. The fluctuations in 
the abundance of cod and haddocks were common to the other 
districts on the East Coast and were not peculiar to the Moray 
Firth. There was also a diminution in the quantity of flat-fishes 
landed by line fishermen from the closed waters, as well as in the : 
quantity of ling, whitings, and skates. The only fish which showed 
an increase was saithe, the quantity of which has gradually increased 
each year since 1894. 

The trawling investigations in the Firth of Clyde, when compared 
with those of previous years, show that, taking all the stations 
together and all kinds of fish, the average number per haul of the 
net has generally increased over the period comprised, although 
considerable fluctuations occurred in different years. In 1888 the 
general average for the closed area was 109-7 fishes per haul; in 
1890 it was 99°5 per haul; in 1895 it was 113-4; in 1896 it was 
120°7; in 1897, 112°5 ; and last year it rose to 189°3 fishes per haul. 
The rise in the average has been most marked in the flat-fishes, the 
figures for the respective years being 61:2, 61:1, 64:7, 75°5, 84°8, 
and 94°7. The increase was due for the most part to an increased 
abundance of witches and long rough dabs, plaice and lemon soles 
having rather diminished in numbers over the period. But as stated 
in previous Reports, inferences as to changes in the abundance or 
relative proportions of the fishes in the closed area of the Clyde can 
only be provisional, inasmuch as the observations comprise only ten 
series of hauls at the various stations. It will require much more 
extended observations both in the Firth of Clyde and the Moray 
Firth before conclusions can be drawn with any degree of certainty 
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as to the results of the closure. In the Firth of Forth and St. 
Andrews Bay it was found, after ten years’ investigation, that the 
most important change that occurred in the relative abundance of 
the food fishes in the closed waters was a diminution of the more 
valuable flat-fishes, plaice and lemon soles, which spawn offshore 
and not in the closed waters, and an increase in the comparatively 
worthless dabs, which spawn copiously in the closed waters. The 
figures referring to these species are as follows :— 


Plaice and 
ee Lemon Soles Pace p Total. 
; Caught. velo ete 
lst Period— 
1886-90, 325 29,869 19,825 49,694 
2nd Period — 
1891-95, 466 28,044 29,483 ADA 
Totals, 791 es) | 49,308 107,221 


It will be observed that in the second period of five years, while 
141 more hauls of the trawl were made within the closed waters 
than in the first period, the number of plaice and lemon. soles 
caught was less by nearly 2000, and the number of dabs caught 
was greater by nearly 10,000. The same result was found whether 
the whole year was contrasted in the two periods, or the cold 
months against the cold months, or the warm months against the 
warm months. 


Stx Cop Montus : NovEMBER—APRIL. 


| Plaice and Lemon Soles. | Dabs. 
| N On Ole. | | ; | 
Hauls. Average Per- | Average | _ Per- 
pe AS BIG3 centage Re | per | centage | 
Beane Haul ot Totalk ng Atte Haul. of Total. 
Ist Period— 
1886-90, 128 6346 49°6 69°3 2808 21°9 30°7 
2nd Period— 
1891-95, 238 8735 36°7 52:0 8066 33°9 48:0 
Six Warm Montus : May—OctToBER 
| | 
Ist Period— | | | 
1886-90, 197 23,5238 | 119°4 58:0) COUT, 86'°3 42:0 
2nd Period— | 
1891-95, 228 19,309 84°7 47 °4 21,417 93°9 52:6) | 


12 Part III.—Seventeenth Annual Report 


It may be noticed from these figures that while each hundred of 
flat-fishes caught in the closed waters in the colder months consisted 
in the first period of 69 plaice and lemon soles, and 31 dabs, each 
hundred in the corresponding months of the second period consisted 
of 52 plaice and lemon soles, and 48 dabs. In the warmer months 
of the first period each hundred consisted of 58 plaice and lemon 
soles, and 42 dabs; while each hundred in the same months of the 
second period consisted of 47 plaice and lemon soles, and 53 dabs. 
The inshore-spawning dabs, therefore, to a very large extent 
supplanted the - offshore-spawning plaice and lemon soles in the 
closed waters. A more detailed analysis (pp. 25, 26) shows that 
these changes were common to each of the individual species, 
plaice, lemon soles, common dabs, and long rough dabs, and that 
they occurred in nearly every month in the year, when the 
months of the two quinquennial periods are contrasted. 


THE HATCHING AND REARING OF Foop FISHES. 


The operations at the Marine Hatchery at Dunbar last year 
consisted in the hatching of the fertilised eggs of plaice, the same 
methods as in previous years being employed. Adult plaice, to 
serve aS spawners for the supply of eggs, were procured by the 
“Garland” from trawlers in February and March, a little over 700 
inales and females being thus obtained. Owing to the method of 
capture a considerable number of the fishes exhibited the charac- 
teristic features which have been described in previous Reports, and 
many of them subsequently succumbed to the injuries they had 
received. 

The collection of fertilised eggs from the spawning pond com- 
menced on 15th February and continued until 7th May, when 
altogether 21,510,000 had been procured and placed in the 
hatching apparatus. The largest numbers were obtained at the end 
of March and the beginning of April. The number of fry success- 
fully hatched was 19,200,000, which were transferred to Loch Fyne 
at various dates between 1st April and 20th May, and liberated in 
the upper loch, principally off Inveraray. 

The numbers of fry of the various species of marine food fishes 
which have been hatched at the establishment since the work was 
cos are as follows:— “* 


| 


Plaice. Cod. Lemon Soles.} Turbot. Others. Total. 


i a me | ey ees Ge 


1894 | 26,060,000 | 500,000 ee Lyd Mae ad 2 | 26,560,000 
1895 | 38,615,000 | 2,760,000 | 4,145,000 | 3,800,000 1,050,000 | 50,370,000 
1896 | 11,35),000 | 750,000 1,580,000 | 1,360,000 950,000 15,990,000 


| 
1897 | 24,370,000 | ‘of | me | i | oy | 24,370,000 
1808 | 19,200,000 |. |. mee il). 2a” | 29.200%ome 
/ 119,595,000 | 4,010,000 | 5,725,000 | 5,160,000 | 2,000,000 | 136,490,000 
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As has been pointed out in preceding Reports, the hatching 
work at Dunbar has been much impeded and restricted from the 
absence of a large sea-water enclosure in which the adult fishes to 
be used as spawners could be gradually collected and retained 
from one season to another, instead of requiring to be obtained 
from trawlers at the beginning of each season. With the object of 
obtaining this facility it was decided to remove the hatchery, as 
explained in last year’s Report, to the Bay of Nigg, near Aberdeen, 
where a suitable site for the purpose was obtained from the Town 
Council of Aberdeen. The construction of a large concrete tank, 
ninety feet in length by thirty-five feet in breadth, and with an 
average depth of seven and a half feet, was begun at the new site 
in the spring of the year, the object being to have the tank sunk 
sufficiently deep in the ground adjoining the beach as to have a 
mean depth within it of four feet of water at high-water of 
ordinary neap tides. It was, however, found necessary to suspend 
the construction of the tank in September, and to continue the 
hatchery at Dunbar for another season. When the concrete 
tank is completed during the ensuing year, the hatching house at 
Dunbar, with the apparatus, pumps, and plant will be removed to 
the new site, and the necessary supply of sea-water will also then 
be available for the Marine Laboratory which was erected on the 
site last autumn, and whose equipment has for the same reason 
been delayed. 


THE PELAGIC Fish EaGs AND LARVAL AND Post-LARVAL 
FISHES OF LocH FYNE, 


In the present Report will be found a paper by Mr. H. C. 
Williamson describing the results of an investigation into the 
occurrence and abundance of the pelagic eggs of fishes and the 
young fishes in Loch Fyne. Tow-net collections were made once a 
month from January to August at five localities in the upper and 
lower lochs at various depths from the surface to fifteen fathoms. 
The pelagic eggs of about thirty species were procured, principally 
in March, April, May, and June, including those of the common 
food fishes, and the spawning period of most of these has been 
deduced from the presence or absence of the eggs in the monthly 
collections. The degree of development of the various eggs was 
ascertained, and calculations are made to indicate in an approximate 
manner the numbers of pelagic fish eggs floating in the waters of 
Loch Fyne during the first eight months of the year. 

Nearly three thousand larval and post-larval fishes were taken in 
the tow-nets, most of them belonging to species with demersal eggs, 
such as the gobies and the bimaculated sucker. Among them are 
forms which have been identified as the young of the mackerel. 
The abundance of the pelagic invertebrate fauna, especially the 
Copepoda, which constitute a considerable part of the food of the 
herring in Loch Fyne, was also determined in the various months. 
The paper is accompanied by a number of Tables and by five Charts 
and Plates. 
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THE INVERTEBRATE FAUNA OF THE INLAND WATERS OF SCOTLAND. 


For a few years past investigations have been carried on by Mr. 
Thomas Scott, F.L.S., on the invertebrate fauna of a number of 
Scottish lochs, and in the present Report the results are given of 
the investigation of a number of them, including Loch Lomond, 
Loch Arklet, Loch Katrine, Loch Achray, Loch Leven, Loch Doon, 
and Lochs Ness, Oich, and Lochy. One object of the enquiry was 
to ascertain the effect produced on the invertebrate fauna by the 
changes incident to the different seasons of the year, and the 
examination of each loch was made at intervals, the temperature 
and other physical conditions bemg also noted. The number of 
species obtained was 132, of which 115 belong to the Crustacea 
and 17 to the Mollusca; and the invertebrate fauna of some of the 
lochs, as Loch Lomond, Loch Leven, Loch Doon, and Loch Achray, 
was found to be much richer in species than others. Notes are 
appended on the seasonal distribution of the organisms in’ each 
loch, on the local distribution of certain species, and on the varia- 
tions in the forms of Daphnia. 

In another paper Mr. Scott describes the collections of micro- 
crustacea obtaimed from the Firth of Clyde and the Moray Firth, 
including a number of new species and two new genera of 
Copepoda. The paper is illustrated by a series of drawings. 


THE MIGRATORY MOVEMENTS AND RATE OF GROWTH OF THE 
COMMON GURNARD. 


In a paper on this subject, by Dr. T. Wemyss Fulton, it is shown 
that the gurnard is practically absent from the inshore waters of 
the Firth of Forth and St. Andrews Bay during the winter months. 


~ When the temperature of the bottom water inshore begins to fall 


in the autumn the gurnards migrate to the offshore grounds in the 
open sea, where the temperature is higher, and where they pass 
the winter. When the temperature inshore begins again to rise, 
usually about the end of March, gurnards reappear at the mouth of 
the Firth of Forth; in April, with a shghtly higher temperature, 
the influx is considerable, and it reaches its maximnm in May. It 
is shown that the initial shoals are composed almost entirely o. 
adult gurnards, and that the migratory movement towards the 
inshore waters is primarily associated with reproduction. Later, 
immature and young gurnards move in in great numbers, and these 
immature forms are the first to leave in autumn. This movement 
appears to be dependent on the changes in the temperature of the 
bottom water. On the other hand,in the deeper waters of the 
Clyde and the Moray Firth, where the winter temperature is much 
higher than in the Firth of Forth or St. Andrews Bay, gurnards 
may be found all the year round. Tables and Diagrams are given 
showing the proportions of adult and immature gurnards in the 
various months, and the relations between the migratory move- 
ments, the spawning period, and the changes in the temperature of 
the water, 
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SEINE-NET FISHING FOR HERRINGS. 


The alleged injurious action of the seine-net in the herring fishing 
has been for some time under investigation with the view of ascer- 
taining whether the two principal objections urged against this 
mode of fishing—namely, the wasteful destruction of the herring 
spawn deposited on the bottom, and of immature herrings—are well 
founded. For several years, as stated in previous Reports, arrange- 
ments were made to conduct an investigation on the former point 
at the well-known spawning ground, Ballantrae Bank, off the coast 
of Ayrshire, but, owing to the very poor fishing, seine-net boats 
scarcely took part in it. In the spring of this year the herrings re- 
appeared on the bank in considerable numbers, and a few seine-net 
boats for a short time took part in the fishing. So far as the 
limited opportunity offered, no evidence was found to prove that 
the seine-net caused wasteful destruction of the spawn deposited 
on the bottom. On the other hand, a considerable proportion of 
small herrings were captured, much more than by the trammel- 
nets. In Loch Fyne the capture of immature herrings by the seine- 
net was investigated during the last two seasons, very numerous 
catches being examined at various periods and parts of the loch. 
While it was found that in many cases the proportion of small 
herrings taken was considerable, and that occasionally quite 
immature herrings may be destroyed by this mode of fishing, the 
evidence does not point to the destruction being unnecessarily 
wasteful or injurious to the permanence of the supply of herrings 
in the loch. Such results are incident to all modes of fishing : 
and the almost unprecedented abundance of herrings in Loch Fyne 
during the last two seasons shows that the operation of the seine- 
net in past years has not had the injurious effects on the permanence 
of the supply that have sometimes been attributed to it. 


THE RATE OF GROWTH OF PLAICE. 


In the present Report Mr. H. Dannevig describes the results of 
an enquiry into the rate of growth of the plaice, based upon 
measurements of a large number of specimens of different sizes 
captured at various periods of the year. It is shown that the 
average growth of the plaice is about three inches each year, so 
that at the end of the first year it attains a length of three inches, 
in the second year an average length of six anda quarter inches, 
and in the third year a length of nine anda quarter inches. It 
was also found that growth is practically arrested during the winter 


P o 
months, the fishes increasing in size chiefly from May to October. 


On THE NATURAL HISTORY OF THE HERRING. 


In the present Report Mr. Kyle gives an account of the pro- 
longed and laborious investigations of Professor Heincke, of the 
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Biological Institute, Heligoland, into the natural history of the 
herring, and especially into the question of the races and varieties 
of the herrings which frequent the seas of Western Europe. 


We have the honour to be, 
Your Lordship’s most obedient Servants, 


ANGUS SUTHERLAND, Chairman 
D. CRAWFORD, Deputy-Chairman. 
D’ARCY W. THOMPSON. 

J. RITCHIE WELCH. 

Wh. DUGUID: 

ARCHIBALD JAMESON. 

L. MILLOY. 


WM. C. ROBERTSON, Sceeretary. 


PUPEN TIE IC hE P ORES, 


I, REPORT ON THE TRAWLING EXPERIMENTS OF THE 
°CARLANDY AND ON. THE FISHERY STATISTICS 
RELATING THERETO. (PLATE L.) 


INTRODUCTORY. 


During the year trawling operations of the “‘Garland ” were conducted 
in the Moray Firth, the Firth of Clyde, and Aberdeen Bay. The number 
of hauls of the trawl made in these areas was 130, of which 56 were 
made in the Moray Firth in May, June, October, and November ; 66 in 
the Firth of Clyde and Loch Fyne in August, September, and December ; 
and 8 in Aberdeen Bay in April and May. The work at each station 
consists in (1) trawling along a selected line for a specified distance, all 
the fish caught being enumerated, measured, and recorded ; (2) observa- 
tions on the temperature, salinity, and transparency of the water, on 
the condition of the weather, &c., ; (3) the determination of the invertebrate 
fauna caught in the trawl-net ; (4) the determination of the pelagic fauna 
floating in the water. The Tables relating to the chief of these investiga- 
tions will be found appended to this Report. In addition, special 
observations were made on the occurrence and distribution of pelagic fish 
eggs and larve in Loch Fyne, and on the distribution of immature and 
spawning fishes. 


The ‘Garland” was also employed in the spring in procuring adult 
plaice for the sea-fish hatchery at Dunbar, and in connection with 
enquiries into the herring fishing in Loch Fyne. 


The fishery statistics which have been collected in the districts of the 
Moray Firth in connection with the trawling experiments there, and 
which show the quantities of the various kinds of fish caught by line 
fishermen within the closed waters in each month of the year and for 
the whole year, are appended to this Report, and are discussed below. 
These statistics were collected by the Fishery Officers of the respective 
districts, or by their correspondents. The trawling records were made 
by Mr. F. G. Pearcey, the naturalist on board the “ Garland,” 


18 Part II1I.—Seventeenth Annual Report 


1, Toe TRAWLING INVESTIGATIONS IN THE Moray FIRTH. 


The means taken to ascertain the influence of the closure of the 
Moray Firth to beam trawlers with respect to the abundance of the food 
fishes within it have consisted, first, of trawling observations of the 
“Garland” at the sixteen stations, offshore and inshore; and, secondly, 
the collection of special statistics around the coast of the firth to show 
the quantities of fish caught within the closed area by line fishermen 
in each month of the year, and the number of “shots” of the lines by 
wuich these fishes were captured. During last year the trawling 
investigations were made in May, June, October, and November. The 
work in the latter months was much interrupted by stormy weather, 
many of the stations lying at a considerable distance from shore, where 
wne “Garland” requires fairly settled weather in order to be able to 
carry on the work. The details of the various hauls will be found in the 
Tables appended (Table C, A.). 


The average numbers of the various kinds of flat-fishes caught per haul 
of the net are as follows :— 


| | 
| | ) | 
| Station. | Plaice, | tl” | Witches. | Common |. Rough! turbot, | Brill. | Total. | 
SSS SS ee ee eee SS SSS SSS SS a 
1 | 253 0-3 | 124:0 has | 149-7 
aes 11-0 2:3 23 17-4 50 | | 38-0 
eae 233 4:0 * 4:3 ee 31°7 
4 97°3 1-0 s 2643 a | 362-7 
5 37-7 33 03 | 188-7 S20) al ae: | 283-0 
6 36-7 1-0 Me 116'3 - 03 "| 1543 
7 & 50 | 3:0 | 193-0 | 24-3 if ages 
ees 13 50 | 137 | 2430 | 480 |... 3110 
oe 1-7 BO |. 987 | 997-7 | poz tty 315°7 
| wo | 20 | 1297 a3 | Ti a ey ee | 1923 
qt Pes ES 9-0 u 98-0 re 23 quanto 1120 
[pate OE ee : 575 " fs 74:0 
i | 400 "| 105 KE 24-0 ¥ 0°5 “i 45-0 
14 65 | 165 2 31°5 35 = 1-0 64:0 
15 45 100 Aj 100°0 6:5 ial | Seen 
16 a e 1-0 96-5 | 92% 190-0 


When compared with the hauls made in June and November in the 
previous year, these figures show that the average for flat-fishes in the 
closed waters generally rose from 149°0 to 167°7 per haul. The increase 
was confined to dabs. Common dabs increased from an average per haul 
of 100-2 in 1897 to an average of 120°9 in 1898. Long rough dabs 
increased from an average per haul of 18°8 to 191. The average per 
haul of plaice declined from 19-7 to 18°3, and the average of lemon soles 
from 6°3 to 5°4. Witches also showed a trifling decline—viz., from 4 to 
3°8. Among round-fishes the average per haul for the whole area was 
48°8, as compared with 32°8 in the preceding year, the increase being 
principally in gurnards, The trawling investigations of the ‘‘ Garland” 
in the closed waters of the Moray Firth are not yet sufficient in amount 
or in time to enable any definite conclusion to be drawn as to the results 
of the closure. 


The special statistics of the fish caught by line fishermen in the closed 
area of the Moray Firth, and landed on the contiguous coasts, have been 
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collected for the past five years. The total quantities and the average per 
‘shot ” of the line for each year in the various districts are as follows :— 


1894. | 1895. 1896. 1897. 1898. 


District. SS eS | | eee ee aE ee 
Cwts. |Average.| Owts. |Average.| Cwts |Average | Cwts. |Average.| Cwts. |Average. 

SS eee ba Sees | Aan —— See —— = 
Wick, - -| 19,008 2°47 23,009 4°03 31,556 | 5°40 44,258 6°16 31,383 6°49 
Lybster, - - 4,408 4°91 3,977 BITC 4,241 2°87 7,118 4°22 4,438 3°26 
Helmsdale, -| 15,826 3°52 16,669 4°15 18,360 4°71 17,148 4°93 f5143° | 384. | 
Cromarty, -| 21,346 3°07 19,193 2°93 15,317 2°51 14,736 2°48 12,428 | 2065 | 
Findhorn, -| 60,074 4°04 68,761 4°86 63,521 4°46 46,694 2°66 30,770 2°088 
Buckie, - -| 48,540 4°21 50,489 4°66 57,450 5°05 50,067 4°77 41,102 4°24 
Banff, - -| 49,292 2°94 76 491 ENO p Ey 66,471 3°82 61,329 3°70 36,057 2°13 

Total, - | 218,494 3°05 =| 258,589 4°43 | 256,916 4:26 | 241,350 3°8 169,321 3°244 | 


These figures refer exclusively to the quantities of fish caught by line 
in the closed waters of the Moray Firth, and it is interesting to compare 
them with the total quantities of the same kinds of fish landed in each 
district, and caught by line both without and within the closed area. 
Thus, excluding herrings, sprats, and mackerel, which are not com- 
prised in the special statistics referred to, the total quantities, in cwts., 
of white fish landed in each district in 1898 were as follows, the gross 
quantity amounting to 207,318 cwts. :— 


Wick. Lybster. Helmsdale. Cromarty. Findhorn. Buckie. Banff. 
67,791. 4,438. 13,143, 12,428. 30,857. 42,092. 36,569. 


When these totals are compared with those given in the Table, it 
will be seen that a very large proportion of the line-caught fish landed 
in those districts were obtained from the Moray Firth—namely, 169,321 
ewts. out of a total of 207,318 cwts. In three of the seven districts 
comprising the coasts of the Moray Firth—namely, Lybster, Helmsdale, 
and Cromarty—all the fish which were landed were captured within 
the closed waters, In the other districts the proportion of such fish 
is very considerable. Thus, in the Banff district only 512 cwts. of the 
36,569 ewts. landed were caught beyond the limits of the firth. In the 
Findhorn district, of 30,857 cwts. landed, all but 87 cwts. were obtained 
from the Moray Firth. Of 42,092 cwts. landed in the Buckie district, 
41,102 ewts. were caught in the Moray Firth. In the Wick district, 
which comprises only a small part of the coast of the Moray Firth, 
nearly half of the fish landed were obtained from the closed waters— 
namely, 31,383 cwts. out of a total quantity of 67,791 cwts. 


With respect to the fluctuations in the quantities captured by line in 
the Moray Firth in the various years, it will be noticed from the Table 
that the gross quantity taken in 1898 is less than in any of the 
previous years, and that the average catch per ‘‘shot” of the lines is 
also smaller than in any year since 1894. The decrease in the quantity 
last year, as compared with 1897, amounted to no less than 72,029 cwts.; 
as compared with 1896, the figures show a falling-off to the extent of 
87,595 cwts., while it is lessby 89,268 cwts. than the quantity landed 
in 1895. The average catch per “shot” fell from 4°43 ewts. in 1895, 
4°26 cwts. in 1896, and 3°83 ewts. in 1897, to 3°244 ewts. in 1898. It 
might be supposed that this large diminution in the quantity of fish 
caught by line in the Moray Firth during the last year or two was owing 
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to special causes, such as the operation of foreign trawlers which have 
been working there, sometimes in considerable numbers; and it is 
probable that this conclusion would be to some extent true. But an 
examination of the statistics of the fish caught by line on the whole of 
the East Coast, and, indeed, around the whole coast of Scotland, shows 
that the falling-off has not been peculiar to the Moray Firth, but was 
general. Thus, while in 1897 the total quantity of line-caught fish 
landed on the East Coast amounted to 959,566 cwts., it was only 
686,694 cwts. last year—a decrease of 272,872 cwts. The figures for 
the whole coast of Scotland are 1,416,237 ewts. for 1897 and 1,058,993 
ewts. for 1898. The diminution referred to was common to all the 
districts around the Moray Firth, but in different degrees. It was most 
marked in the Banff district, in which the total quantity landed from the | 
closed waters amounted to 36,057 ewts., as compared with 61,329 cwts. | 
in the previous year. In Lybster district the total fell from 7,118 cwts. | 
in 1897 to 4438 ewts. in 1898; in the Buckie district the decrease was aH 
from 50,067 cwts. in the former year to 41,102 cwts. in the latter; in | 
the Helmsdale and Cromarty districts the diminution was less marked. | 
The diminution in the average catch per ‘‘shot” was also shared among | 
the several districts, with one exception—namely, Wick, where a slight 
rise is indicated, although the total quantity was less. In the Banff | 
district the average catch per ‘‘shot” fell from 3:7 cwts. in 1897 to 2°13 | | 
ewts. last year. | 


With respect to the various kinds of fish caught by line within the 
closed waters of the Moray Firth, the quantities and the average catch 
per “shot” of the line for each of the five years are given in the 
following Table :— 


FISH. | 1894. 1895. 1896. 1897. 1898. | 
| | | 
| | 
| Owts. |Av’rage.| Cwts. |Av’rage.| Cwts. |Av’rage.| Cwts. |Av’rage.| Cwts. |Av’rage. ' 
Cod - - : =i a 32, (lal OrD2 47,646} O°81 | 64,663] 1°07 HONS la ele26 56,208 | 1:07 . 
Ling - : - Ss lie 169 | 0°035 2,937 | 0°005 3,868 | 0°062 | 3,544 0°056 2,567 | 0049 | 
Torsk by = here) a 2b a 0002 24)  — 94; — 25) — 43; — 
Saithe - . - | 6,120] 0°09 5,083} 0°087 | 10,636} 0-17 11,761} 0-18 14,881 | 0°28 
Haddock - - | 153,529] 2°47 |178,370| 3°056 | 156,703| 2°6 126,031 | 2°004 | 81,098) 1°554 
Whiting : - =| 5,845 0094 5,114 | 0°087 4,836 |} 0°08 3,319 | 0°052 1,535 | 0°029 
Turbot - >| 5 -—— -- _ 15 — 16 -— 13 
Halibut - - | 254 | 0-004 403 | 0°007 691 | O°011 707 | 0-011 730 | 0°013 
Lemon Sole — = —- | — 19 _— 14 — al — 
‘Flounder, Plaice, and Brill’ x) 5477 | 07088 5,765 | 0°09 3,402 | 0°056 3,978 | 0°063 3,425! 0°065 
Conger - | 1,244) 0°02 Ma BOLOL3 823 |} 0°013 1,533 | 0°024 826 | 0015 
Skates | 3,281] 0:053 3,014) 0°051 3,683 | 0:061 | 3,999! 0:063 3,273 | 0°062 
012 | 6,663) 0105 | 4,574] 0:087 


Other kinds a Ww Tite ina | 7,976; 0°128 9,456; O16 | 7,483 


* The fish included under this head comprise, for the most part, plaice and dabs. 


It is obvious from this Table that the great bulk of the fish caught by 
line within the whole area consists of cod and haddock, which together 
make up about four-fifths of the quantity landed last year. As in previ- 
ous years, the greater proportion of haddocks was taken on the south 
coast, and landed in the districts of Banff, Buckie, and Findhorn; in the 
districts of Wick, Lybster, and Helmsdale the quantity of cod exceeded 
the quantity of haddocks. Ling, conger, torsk, and halibut were caught 
in comparatively small quantities. 


It is to be noted that the quantity of flat-fishes caught by line in 
the Moray Firth is small. Last year the total weight of the halibut, 
turbot, plaice, flounders, and all other varieties, did not exceed 4169 cwts. 
Only 13 cwts. of turbot and 1 ewt. of lemon soles were obtained, the 
quantity, of halibut was 730 cwts., while 3425 cwts. of “flounders, plaice, 
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and brill” —which consisted chiefly of plaice and dabs—were taken. The 
quantities of flat-fishes landed in each of the years and the percentages of 
the total are as follows :— 


18941) 1895, | 1896) 1897. | 1898, 


Cwts. | 5736 6170 4127. | 4715 4169 
Percentage of Total 
Catch, - - 2°6 2°3 BES Mabe) 2°5 


It wiil be noticed that although the total quantity slightly diminished 
in 1898, the percentage was increased ; in other words, the diminution 
of flat-fishes was less marked than the diminution of round-fishes. The 
quantity of turbot, lemon soles, and ‘‘flounders, plaice, and brill,” decreased 
2s compared with the previous year, while there was a slight increase in 
the take of halibut. 

Turning to the figures referring to the round-fishes, it will be seen 
that, with the exception of saithe, all kinds were caught last year in 
diminished numbers. The decrease in cod aud in haddocks is especially 
noteworthy. The quantity of cod—-which had been increasing each 
year from 1894 to 1897—fell in 1898 to 56,208 cwts., as compared with 
79,731 cwts. in the previous year—a decrease of 23,523 cwts. The 
falling-off, which was common to all the districts except Cromarty, where 
a slight increase took place, was most marked in the Wick district, the 
total there declining from 29,871 cwts. to 15,633 cwts., or little more 
than half. The average weight of cod taken per “shot” of the lines 
also diminished in most districts, but not in all. The averages for each 
district in each of the years are as follows :— 


DIstTRICT. 1894, 1895. 1896. 1897. 1898. 
Wick, - : 0:99 1°83 Bey 4°16 3°23 
Lybster, - : 1°92 179 eral 2°47 1:89 
Helmsdale, - 0°75 eo 2°01 2°39 190, 
Cromarty, = - 0-59 0-617 O74 0°61 0°63 
Findhorn, - 0:48 0°75 0°85 0°52 0-55 
Buckie, - : 0755 1-U 13 1°68 1:34 
pani, - 0-13 O-2 0°22 0-41 0°53 


The diminution in the quantity of haddocks landed from the Moray 
Firth is still more striking ; the figures indeed show how great are the 
fluctuations in the abundance of this fish from year to year. In 1894 
the quantity of haddocks caught by line in the closed waters was 
153,529 ewts. ; in 1895 it rose to 178,370 cwts., and since then it has 
progressively declined to 156,703 cwts. in 1896, to 126,031 cwts. in 
1897, and to 81,098 cwts. last year, or to less than half the quantity 
landed in 1895. The decrease last year as compared with the previous 
year amounted to nearly 45,000 cwts., and it was common to all the 
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districts, being, however, most marked in the districts of Banff, Findhorn, 
and Buckie. The quantity Janded at Banff fell from 46,782 cwts. to 
25,637 cwts.; at HKindhorn the decrease was from 33,860 cwts. to 
19,772 cwts. The average per “shot” also fell from 2°0 cwts. in 1897 
to 1°55 cwts. last year; and the diminution of the average was also 
common to all the districts except Wick, where a slight increase was 
experienced. The figures are as follows :— 


| | 
District. 1894. | 1895. | 1896. | 1897. | 1898. 
Widk? anus 054 | 0-508 0-22 0-19 0-27 
Lybster, - - £63) (iy oMls29 0°69 1-028 0-77 
Helmsdale, = - 2°16 2h 2, 1-59 £335 
Cromanty, =. |) 7 2-18 1-96 151 1°54 1°10 
Findhorn, — - 3-31 3°73 3°32 1:92 | 1°34 
Buckie, - —- 3°178 319 | 3°16 | 2:62 > leas 
Ban, (2: << eet err ioe 2-89 | 1:93 
| 


) 


The next most abundant line-caught fish is the saithe or coal-fish, and 
it occupies a peculiar position in the returns, inasmuch as it is the only 
round-fish which shows a substantial increase in the quantity caught in 
1898, compared with the previous years. In 1894 the quantity taken 
from the closed waters by line fishermen was 6120 cwts. ; in the following 
year the total was 5083 ecwts., since which period there has been a 
gradual rise to 10,636 cwts. in 1896, 11,761 cwts. in 1897, and to 14,881 
ewts. in 1898. The average weight caught per “shot” has also increased 
from 0°08 cwt. in 1895 to 0°17 cwt. in 1896, 0°18 cwt. in 1897, and 
to 0:28 cwt. last year. The quantity of saithe has therefore increased 
just as haddock has diminished. Comparatively few saithe are caught by 
the trawl]. There was a general increase in the quantity caught by line 
last year around the coast. 


During the five years there has been a continual decrease in the quantity 
of whitings captured in the closed waters, and likewise a continuous 
decrease in the average per “shot” of the line. In 1894 the quantity 
amounted to 5845 cwts., and the average per ‘‘shot” to 0°09 cwt. Last 
year the weight landed had fallen to 1535 ewts., and the average to 
0-029 cwt. ; in 1897 they were, respectively, 3319 cwts. and 0°052 cwt. 
The decrease was common to all the districts. 


The quantity of conger landed in 1898 was somewhat less than in the 
previous year, as was also the average per ‘“‘shot.” There was also a 
diminution in the total quantity of skates lauded, but the average 
quantity caught per “shot” of the lines remained about the same as in the 
previous year; the figures for the two years are respectively 3999 cwts. and 
3273 ewts., and the average 0:063 and 0-°062. Of “ other kinds of white 
fish” caught by line, besides those specially mentioned in the Tables, the 
falling-off in quantity amounted to over 2000 ewts., and the average per 
“shot” likewise fell from 0°105 ewt. to 0°087 cwt. 


When we compare the fluctuations in the quantities of the fish 
caught by line in the Moray Firth with the statistics referring to the 
whole East Coast, and the whole of Scotland, we find that the decrease 
has been general. It has been shown that in the Moray Firth the 
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diminution was for the most part in haddocks and cod; so also there was 
a very large decrease in the quantities of these fishes landed elsewhere in 
Scotland. The quantity of cod landed on the Kast Coast of Scotland 
amounted in 1897 to 304,303 cwts., while last vear it reached only 
263,838 cwts., or a falling-off of 40,465 cwts. The corresponding 
quantities for the whole of Scotland were 461,339 cwts. and 390,589 
ewts., a decrease of over 70,000 ewts. So also with haddocks—in 1897 
456,062 ewts. of haddocks were landed on the East Coast, as compared 
with 240,306 cwts. last year; on the whole coast of Scotland 515,927 
ewts. were landed in 1897, while in 1898 the quantity did not gross 
more than 287,120 cwts., or not very much more than half of the total in 
the preceding year. The same observation applies to the other species 
enumerated in the statistics ; that is to say, where a falling-off occurred 
in the Moray Firth—vof ling, whitings, conger, halibut, skate, and “ other 
kinds of white fish ”—it also occurred at other parts of the coast. In 
like manner, the increase in the quantity of saithe caught in the Moray 
Firth was associated with an increased catch of that fish at other parts of 
the coast: the quantity landed on the Kast Coast in 1897 was 33,448 
ewts., while last year it rose to 39,981 cwts. It is thus evident that the 
fluctuations.in the quantities of fish taken in the Moray Firth last year 
were not due to causes peculiar to that area, since similar fluctuations 
were common to the whole coast. 


If we now consider the operations of the boats which prosecuted line- 
fishing in the Moray Firth, we shall find that there has been a very con- 
siderable falling-off in the number of “shots” or visits to the fishing 
grounds. ‘The figures for each district are given in the following Table :— 


Wick. ster. § Helmsdale. | Cromarty. | Findhorn. Buckie. Banff. 
- a ihe at Bee aes 
ear, : ; a dl tes ate : : F : wd . = 
o 3 — as] =| 3 (=| fae} (=! a] = 
4 4 A) 4 oa) 4 Tn = RD 4 n 
1894 396 199 | 4,288 § 83 | 6,871 # 3,132 | 10,544 | 2,422 | 9,104 828 | 15,888 
1895 41,553 366 | 3,614} 12 | 6,561 | 2,653 | 11,481 | 1,929 | 8,907 § 1,107 | 14,930 
1896 42,774 363 | 3,535] 13 | 6,078 |-3,772 | 10,450 | 2,935 | 8,420 } 1,850 | 15,534 
1897 43,911 466 | 3,010 3 | 5,918 | 4,738 | 12,810 | 2,537 | 7,943 § 2,120 | 14,449 
1898 }1,918 |; 448 |2,971] 2 6,015 | 4,148 10,577 | 1,958 | 7,727 11,708 | 10,506 


It will be observed that the total number of “shots” made in each 
district was considerably less in 1898 than in the preceding year. In all 
the districts except Cromarty—in which a slight increase occurred—the 
number of “shots” of the small-line boats diminished ; and in each dis- 
trict the number of ‘‘ shots” of the great-line boats was also less than in 
1897. The total number of “shots” of the line made in the closed 
waters last year was 52,183, as compared with a total of 62,875 in 
1897, or a decline of more than 10,000; the “shots” made _ by 
the great-line boats were 3709 and those made by the small boats were 
6983 less than in the year before. 


2, THe Firta or CLype. 


During last year the stations in the Firth of Clyde were examined 
twice in August and September and in December. The stations in 
Loch Fyne (XIII.—XVII.) were trawled in August and December, and a 
number of hauls were made along selected lines to determine the distri- 
bution of spawning fis and of immature fish at various parts of the closed 
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waters. The results of these various hauls will be found in the Tables 
appended to this Report. 


Comparison of the results obtained in the various years in which 
trawling investigations were made in the Firth of Clyde shows that, 
taking all the stations together and all kinds of fish, the average number 
per haul of the net has generally increased over the period comprised, 
although considerable fluctuations occurred in different years. In 1888 
the general average for the closed area was 109-7 per haul; in 1890 it 
was 99°5 per haul; in 1895 it was 113°4; in 1896 it was 120-7; in 
1897, 112°5, and last year the average rose to 189°3 per haul. The 
averages for the two groups of flat-fishes and round-fishes show that the 
rise in flat-fishes has been fairly steady. The averages are as follows :— 


| 
1888. | 1890.) 1895, |) 1896. |) 18977 iso 


Flat-Fishes, - - | 61:2 | G11 | 647 | 75:5 | 84:8 | 94-7 


Round-Fishes, - - | 447 | 35:1 | 436 | 35-1 | 27-8 | 49-9 


An examination of the statistics relating to the different kinds of 
flat-fishes captured shows that the increase of flat-fishes over the period 
has been due to an increase in witches and long rough dabs; the aver- 
ages for plaice and lemon soles, neither of which are abundant in the 
area, have, on the whole, somewhat diminished. The figures are as 
follow :— 


1888, |. 1890.1 1895, | 1896.) 1389721) ede: 


Plaice, - - - . 5°3 3°4 2°3 2°1 2°5 3°0 
Lemon Soles, - : 74 56 2°8 7:2 5) 4°| 
Witches, = - : 12°71 19°77.) 25% | 35°9 | ATS eons 
Common Dabs, - 21.1. 208°8) | 13°83 sl 140 Loot | areal 
Long Rough Dabs, - D938) | SUT 7 4,200) (eOeL, | oG*8 Siena 


But, as stated in previous Reports, inferences as to changes in the 
abundance or relative proportions of the fishes in the closed area of the 
Clyde must be provisional, inasmuch as the observations comprise only 
ten series of hauls at the various stations. It will require much more 
extended observations both in the Firth of Clyde and in the Moray Firth 
before conclusions can be drawn with any degree of certainty as to the 
results of the closure. In the Firth of Forth and St. Andrews Bay it 
was found, after ten years’ investigation, that the most important change 
that occurred in the relative abundance of the food fishes in the closed waters 
was a diminution of the more valuable flat-fishes, plaice and lemon soles, 
which spawn offshore and not in the closed waters, and an increase in 
the comparatively worthless dabs, which spawn copiously in the closed 
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waters; and the figures referring to these species are considerable, as 
shown in the accompanying ‘Table :— 


= Plaice and 
ae f Lemon Soles bea Total. 
Caught. eo | 
Ist Period — 
1886-90, - 325 29,869 19,825 49,694 
2nd Period — 
1891—95,” - | 466 28,044 29,483 57,527 
791 Dolla 49,308 107,221 


It will be observed that in the second period, while 141 more hauls of 
the trawl were made within the closed waters than in the first period, 
the number of plaice and lemon soles caught was less by nearly 2000, and 
the number of dabs caught was greater by nearly 10,000. The same result 
was found whether the whole year was contrasted in the two periods, 
or the cold months against the cold months, or the warm months against 
the warm months. 


Six Cotp Montus: NovEMBER—APRIL. 
Plaice and Lemon Soles. Dabs. 
No. of | 
Hauls. No Average| Per- | Average| Per- | 
ee per centage | 7... 4 per centage | 
Caught. Haul. of Total, Caught. Hail. | of Total, | 
lst Period— 
1886-90, 128 5346 49°6 69°3 | 2808 21:9 30°7 
2nd Period— | 
1891--95, 238 8735 SOs 52:0 | 8066 33°9 48-0 
\ | 
Six Warm Montus: May—OctTosBer. 
1st Period— 
1886-90, 197 23,523 119°4 58:0 17,017 86°3 42:0 
2nd Period— 
1891-95, 228 19,309 84°7 47:4 2 Al 93°9 52°6 


Tne number and averages for each species show the same change—viz,, 
an increase in dabs, and a diminution in plaice and lemon soles :— 
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CoLtp Montus: NovEMBER—APRIL. 


Lemon | Common Long Rough 


Plaice. 
No. of Soles. Dabs. Dabs. 


| 


| Hauls. 
No. | Aver. No, | Aver. No. | Aver. No. | Aver. 


——— | | | | | | | 
ee 


1st Period— 
1886-90, | 128 5580 43°6 766 6:0 1530 11°9 1278 9:9 
2nd Period— 
1891-95, | 238 7591 31°9 1144 4°8 4611 19°3 38455 14°5 


Warm Montus: May—OcToBer. 


| 


| Ist Period— 


| 
i 
| 1886-90, 197 {19,844} 100°7 | 3679 18:7 | 14,237 7-722 2780 14fo)| 
| 2nd Period— 
1891-95, | 228 | 15,3862 67°3 | 3947 17°3 | 16,878 | 74:0 4539 19°9 


| 
| 
| } 
I 


The change in the relative abundance of the offshore-spawning plaice 
and lemon soles, and of the inshore-spawning dabs was common to 
almost every month of the year, as the following analysis shows :— 


Puatce AND LEMON SOLES. Dass. 
1st Period—1886-90. 2nd Period—1!891-95. Ist Period—1886-90. 2nd Period—1891-95. 
Month. |— = : i 
a 4 ; z 2 ; 
SS ew Bete eb oe ee 
| c Ay ol) By c = $ = a 
pee) _————— ee —_ a ——————— 
Jan, | 10 146 | 60°3 31 30-7 | 56°6 10 96 | 39° 31 23°5 | 43°4 
Feb., | 14 46-3 | 842 50 32:2 | 61:2 14 88 | 153 | 50 204 | 388 
| Mar., | 26 631 | 79-7. | 38 45°7 | 583 | 26 161 | 203 | 38 326 | 417 
| April, | 25 70:3 | 69:9 40 53°4 | 56'8 25 30°6 | 30-2 40) 40°7 | 43:2 
| May, | 23 688 | 56:8 39 62-1 53°9 3 52-4 | 43-2 39 530 | 4671 
June, | 40 | 1109 | 59°3 40 950 | 49°6 40 760 | 40:7 40 96-2 | 504 
Inly, | 21 93°5 | 55'8 38 «| 1053 | .57°2 21 74-1 | 44:2 38 786 | 42:8 
Aug., | 44 |-193-9 | 57°6 34 926 | 413 44 | 1426 | 4o-4 | 34 | 117-4 | 587 
| Sept., | 30 | 109°8 | 53:5 37 91-4 | 39°0 30 95°6 | 46:5 37. | 1424 | 61°0 
Oct., 39 95-2 | 64:2 40 722 | 47-2 39 530 | 35:8 | 40 gio | 52:8 
Nov., | 31 62:5 | 66:2 37 35-2 | 37:8 31 319 | 33:8 | 37 57°38 |} 62°2 
i ec.y | 222 89 | 32°0 42 | 236 | 43-2 22 189 | 68:0 42 31:1 | 58°8 


It may be also noticed from this Table that in one month in the two 
periods, namely June, the same number of hauls (40) were made, and that in 
October of the two periods the number of hauls was nearly equal, 39 in 


Showing the percentage proportions of the offshore-spawning Plaice and 
Lemon Soles, and the inshore-spawning Dabs, in the Closed Waters of the 
Firth of Forth and St. Andrews Bay, in each month of the two quin- 
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the first period, and 40 in the second periods ; and in both cases the actual 
number of plaice and lemon soles captured in the second period was dimi- 
nished, while the actual number of dabs increased—the figures being : for 
June, 4435 of the former and 3041 of the latter in the first period ; and 
for the second period 3800 and 3848 respectively. In October, in the 
first period, the numbers are 3713 plaice and lemon soles, and 2069 dabs ; 
in the second period, with an additional haul, the figures are 2888 and 
3239 respectively. An examination of the percentages in the above 
Tables shows that, while each hundred of flat-fishes caught in the closed 
waters in the colder months in the first period of five years consisted of 
69 plaice and lemon soles, and 31 dabs; each hundred in the correspond- 
ing months of the second period of five years consisted of 52 plaice and 
lemon soles, and 48 dabs. In the warmer months of the first period each 
hundred consisted of 58 plaice and lemon soles, and 42 dabs ; while each 
hundred in the same months of the second period consisted of 47 plaice 
and lemon soles, and 53 dabs. ‘The inshore-spawning dabs, therefore, to 
a very large extent supplanted the offshore-spawning plaice and lemon 
soles in the closed waters. 


T. WEMYSS FULTON, 


Scientific Superintendent 


C 
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TABLE A.—SHowine SumMMARY OF FISH TAKEN BY THE ‘GARLAND’ IN 
TRAWLING OPERATIONS IN 1898. 


ro 


Flat-Fish. Round-Fish. | 
(ha } 2 | } | as 
tation and el \ ee ‘ Pee Sr eos 
ee Dare, l@igig | Ale | | igigig: \é 
a |-a | Sc leis| alae Se Se epee eid erase eine Ie Cnmee 
o|S/S8 |Baelwe S/S il/eciaildgis Se het ag 2 a = 
B/S |S (Belselsleiel2181818 1861/8 |e | age 
ala) & OAR & B\aile jm | & o = n fo) 
- $$ |} |) | | | | ——_| 
| 
| | | | | | | 
Moray | | | | 
FIrTH— | 
ke ped | eee es 
Station I. | | | | 
| | } | | 
May 24, . 25) SAL Wes aie dGu oaths DSI oa 2A} Se ell ys ; 13 13 Ainee 57 
| June 7, ; 8 Hees eel Ol ers , i tole 2S one: A AL il 19 | 20 x F 48 
Ochre 450) 336 | A Sales | 381 5 iL a 83 ne 3 3} 471 
76| 41 , (8721 col GM eel. | ado) ono] er Sl Seanse hry 9 ee eee 
| 


Station IT. 


May 24, 155 2 | 16 7 - 40 24 2 1 rH 1 3 71 
June 7, Gael ae 72 | 225 Sul ee C 52| 1 3 16 17 : 5 74 
Oct. 11, A) ooze) 8 Al SLs esas | 22) 5 ae a fe 3 Q| 44 
B31 oz | 7) 52 | 45 SE eee es es 
S| fo eo) il Se ee ae aa i 


Station III. 
May 26, . | 40 7 Weg WUD se ri : ; Dial 
8 : | 
— 


30\) al 1 5 62 

June6,. F - i c C Ol Onlimaes 1 10 3 : 22 
Oren I I OBS I 2hiliwe 5 5 PO GPl| Se : 3 5 82 
COD) 5128) eee alone ; : c 95) 12 | 4 - 2 18 3 c 116 


Station IV. , | | 
May 25, ./69| 1 524s. | 102 2 | 39| 41 143 
Sune 14, | 2701 al ea) de al) Ol ele 2 2 2 44 
Oct.138, . {196 | 1 749 946| . BT AZ 2 2| 997 
292 | 3 793 woes fal pre ee 88 90 4 2 | 1184 
ee eee ee Re eee ee LS LS 
} | | 
| | 
Station V. | | | 
| 
May 25, ~5)):78.1 4.) 0021 294) te Sy SC aUORDI Poel 4) et enlaieGe ls 1| 346 
Jtine 14, 94 G8 Sa | Ba Pee ai Sal ae 9°) ees) Vass} 1936 
Oct, 43, 7187 |) 54) Gelabl | 5 Rie aa Sass b alee See | eee Tel hype A ae 1/ 420 
113"| 20H 1 566.491) ce) | e690 | es oe! Ops ee 3| 802 
eee nee eee eee aoe ae aes ee eee — ree ae eae Sas CASS Sse 
Pes ae ae | | | 
Br | 
Station VI. | | | 
May 25, 07°) 27] a |. 21 20-1 ocala ee “Per eee 4 8 Vi ae 47 
June 14,0 2) TN) 2 | G8) a ee er ce ae Hopes) 9 es oy aay 73 
Nov.19, | 82} 2| > (ats). 4 4) a) SamisGe) meal aay Sg! eed) = 2 | eel ee 
8 6 | 530 


10 8) . 349 Bee ee i 403) 9| | 48 53 
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TABLE A.—SnHow1na SuMMARy oF FIsH TAKEN BY THE ‘GARLAND’ IN TRAWLING 
OPERATIONS IN 1898—continwed. 


Flat-Fish. Round-Fish. 
| Saas = === —= 
Station and ks 3s ro 6 i (Se re 
Date. Al VOI Al 3s PAR ees ares Cc 
o | 3 = s/s | 4 ee ek = q i 
S| Seals] ecien|| S| IS all aes ro ees Ss) si Cb) a me 
el Asie oral e | 2) sl Seo Wl Se ed a |e 
Mia ;FlaReel/elalaelsi(m#)/ Fe] e/a }|a}]sofea 
| [a es Ce ae ds ae ee 
Moray 
FIRTH—con- | | 
tinued. | 
| 
Station VII. : | 
May 27, _ . 5 1 SalI 40. : S63 1 3 3 18 25 2 5 193 
June 1d, : ae elo ESIGN E2681 92 : 113 1 18 19 1 2 135 
Nov. 18, . < 4 5 |174 a EXO) Wh oS 6 | 3 5 14 1 5 210 
15 9 |369 | 73 466 1} 10 6 41 58 2 12 538 
SS SS SS SS SS SS aes 
| | 
| | 
| 
Station VIII. 
May 27, 2! 1] 6 \169 aa. 171) 1/114! 30] 28} 178 | 9| 353 
June 15, 1 5 Sl aSie GOR let Se 158 4+) 1 19 Da ese 6 188 
NOVS We 1 9 | 30 |480 | 84] . | 604 20) 30 109 159 | 17 780 
| 4] 15 | 41 |729 |144 933 1/138 | 61 | 156 356 6 32 | 1321 
LE SS AS SS SS A a AS 
Station 1X. | 
May 28, 1 5 3 | 75 | 64 3 148 | . ;} 40 5 17 62 1 1 12 
June 16, 3 6 STs se ss O0alans 2 21 23 3 2 118 
Nov. 18, 1 ea 7 Oe Sst 94s |e i . 1709 5 | 48 62 | 115 ile “abled ee 
5 | 15 | 86 |683 |158| . 947 47| 53} 100} 200 Gi. Ta Gs 
eee eee ES EEE 
Station X. | | 
Maye 28 Cees ohiueda | 9a. 64. | cL: te ETA SBP eales lamsiel beg ey Ul 47) 275 
June 16, ER Soh ok |S faalioe Pe Nes LS 7, ita 1, ane 1 15 23 1 4| 165 
Nov. 17, OPV Pit 16948), A . |244 5 | 42 16 43 106 4 5 359 
6 | 38 | 13 |3835 185 | . 6 ORT AD 0d 22 72 160 6 56 799 
ee 


Station XI. 


May 19, Dee Os ea es OOM ees (ke. ‘ ee bball teypal| 21 | 109 9 | 205 
DUNE Oe 4 O16 14-9 ‘ 1Si eat | 2 72 78 27 |) 242 
7 | 18 196 | 3 i 994 | 5 | 87 2 S3nlate Tt | 36.1 447 


Station XII, 


MaypISwecoMe hrs el tile et ol tole Ie 6. 1 |. 2 8 2 71 
TuneslUN eae. Pise) a Gerlecele. cele. leez |. 6. (104 5| 227| 352] . 1| 440 
| Be a We bat 148111 11151; 5/| 2291 360| . pee 8 (eiea 


Station XTIL | hed | 

Mayon dea is oe ees. to. |<) 6: | 17) 434 lat (acer ice, elena bes 

Jue eee E20 relet |) 1). |. 29.|. a I] oi 2teld 260) eral Pec ial a7 
ae RASGare wey fod, to.” +190 43 1 | 351 987 2 1) 180 
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TABLE A.—SHow1na SUMMARY OF FISH TAKEN BY THE ‘GARLAND’ IN TRAWLING 
OPERATIONS IN 1898—continued. 


Flat-Fish. | Round-Fish. 
eae a =e ee Z| 
Station and oS | & | a) 2 a pone Ag a 
Date. wmainis Als : | rs wo | Pp & 
a 8/s ig & cA = ° Bel Les aS 5 | = = ) 5 a 
2) eS esse 6] og leiSieiel es (9s | 2 3 |) Sues 
|) aE Saale ie sue ele a cool — = a oO | & 
eR et Si | 
Moray | 
FirtH—con- 
tinued. | 
Station XIV. 
May 20, 7 | 19 40. 9 ve ce Cuma he ees Meee a 
June 9, P 6 |.14 223 8 2 |)58 1 8 21; malik PE oc 1 76 
13° 33 63 | 17 | 2 |128 | 5 | 21 2) .28 56 | 2 5 191 
PP | yh alotan| ahicaral Epa made cal can) eae lean tn a rr 
Station XV. | | 
May 19, Spe 181 | 10 151 4 138 17 é 2; 170 
June 10, 4 | 15 69 | 3 Sa 1 4-85 2 18 46 : < 137 
9 | 20 200 | 13 249 | i 2) 2 31 63 2 307 
SS SS | SS SS | a 


Station XVI. 


May ad8.-2 03) orl 2 C4785); ea Penal oe (aaa) em aso F 18 50 4 3 | 201 
June 10, : 129 |107 5 PBBH 4 2 19 25 4 3 | 268 
: 2 1193 |185 380 | . | 36 2 37 75 | 8 6 469 
ne a as ee ee ee ree ee ree ed ee ere cea 
ABERDEEN 
BAY. 
Station I. 
AprilO7. = ABS.) Ror ae Pee i alae aed rn ; ; ; : : 49 
Station II. 
May 3, [41470 P42 nts | atl Sek el, eal eal aay Bt lh ataal 250: | ee 2| 134 
| ! CO CESSES SAREE CSR 


Station III. | | 


May4,- = olde esa) e870 Sal el ee oe eee sleet 1| 88 : 1| 184 
Station IV. i | | 
| | 
May 4, = fee] 3 991 4 . 126 | 3 | 10 A 17 ol as 
Station V. | | 
May. 5, <. |43) 01) < 0 lap | 2) OP Seniig seni ieeane eemea Joeersgn ety ; : 230 
= 
| | 
i 
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TABLE A:—SHowinc SUMMARY OF FISH TAKEN BY THE ‘GARLAND’ IN TRAWLING 
OPERATIONS IN 1898—continued. 


Flat-Fish, Round-Fish, | 
Tae [ ae 
: ma a 3 
Station and 2\8 Cee “a F fe a 
Date. We aes le Bel ae. rs % 3 ay 
Sa Sle aleee lee cline: ls e¢| & I 3 ra Le 
| S 3) “low! 9] 2/o!] es Sc 6 r= ra 5 co) = 
See a| monn = Newent ives | SS | res (beret ees 5 & = a 8 
1 o = SO8/o S| = j=} — (=) i) SS [=z t=) io) ad >= So 
Se See JOE be je me |e | Ol Onis a ) = 
ABERDEEN 
BAay—con- 
tinued, 
Station VI. | | 
May dyin. . | L%| 2 14| 3 Bl ule Su QOL) Sap | Bes Ln ie 101 
ee ES Sa Ce SS ce SEE ere eee: SE GUE qoeweens ET CO IS OE eee 


Station VII. 


or 
— 
° 

—_ 
i=) 


May 5, LOG e204 17 2] 25 2 5 43 


FIRTH OF 
CLYDE. 
Station I. 
Aug. 25, . 5 10 Fi 69 2 5 ‘ 2 $1 2 5 2 28 3 37 34 189 
Dechy ls. se | als} 7 8 Sir sale 12 2 | 4 1 19 8 71 136 


. 
i) 
Gr 
~ 
+] 
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So 
. 
—_ 
= 
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_ 
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+I 
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30 | 2 Simm lead tall 110 19 4 i) 28 2 22 | 162 
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Station III. 
Aug. 24, . Pa dll aks} |} 1530) ae les le . (154) . | 14 11 7 3 i 3 | 270 
Dec. 8, a |) Moan 3 leery hs q . (261 weal ba nls} : 21 a 97 383 
7 | 14 |244 150 ‘ 415 4/18 24 7 53 i) 180 6538 
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AIST 24 re (ks i ee fa | eee 14 oH ak : 9 a 1 3 
Dec. 8, 5 AN PAD Io Ou | Mie 27 Leto 9 20 2 31 80 
. 4) 22 Te a 46 Dea) 9 9 99 3 t3) 113 
TS EES GC CE ES Ge) ED GS GS ee i ee 
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rip eol een ee meee eee 28nd. eo 1: | -s6el L 2 2 3 5| 46 
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5 || abl Ze aie is AN * eee lines 4 iL 4 9 7 8 82 
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TABLE A.—SuHowWING SUMMARY OF FISH TAKEN BY THE ‘GARLAND’ IN TRAWLING 
OPERATIONS IN 1898— continued. 


| Flat-Fish. | Round-Fish. 
| ! 
a | = | | : 
Station and | ee Shh . : | : a 
Date. a\aia (8 |B). | o | @) | os: cs 
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tinued. | | | | 
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Station VI. | =I 
Ang 25, *.| | See ees eis jewel Daf ae yl ates 97) 98. 94i) ial eas 
Dee 5) ar. 14) 1 | 30 aes 45 | 1 3 8 17 29 13 10 97 
| al alata ape Fa) ego | 2 | 8 |S ee) aa Sa rhea ee 
ee ee lp itee| e ca eeee ae nee | ge ee eee |e eae oe | | a 
ie ss | | 


| Station VII. | 
| 


SOURIS Guill 1 2 | 


| Ie oes hor eel weir g Peele oat 22| 298| 7| 19] 65 
Fam.7,99, 0 || 4 | Pea oe 1 fol og erg | ees etre ante 
Seieie Ghee ol eee may ate Se es. 


I yee T2O | ae 2 23 26 TA AZo eS 
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Sepia arte aes L iasae el tl al ee etateg 
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8 1 
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| 
| | 
| | } 


| Station XT. ae ees oe | | ae | 
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TABLE A.—SHowinc SUMMARY OF FISH TAKEN BY THE ‘GARLAND’ IN TRAWLING 
OPERATIONS IN 1898—continued. 


Flat-Fish. Round-Fish. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 1898. 


Station, 
Date, and 
Time 


| 


Station I. 
1898. 
May 24. 
4-5 p.m. to 
6-0 p.m. 


June 7. 
8-30 a.m. 


{ to 
10-15 a.m. 


Oct. 11. 
12-14 p.m. 
to 2 p.m. 


Station II, 
May 24. 
12-40 p.m. 


to 
2-40 p.m. 


June 7. 
11-20 a.m. 


11-10 a.m. 


—— 


A. FISH CAUGHT—I. Moray Firru. 


Kind of Fish. 


+e 


Common 
gurnards, 
Thornback ‘skate, 
Plaice, 
Common dabs, 
Lemon sole, 


Codear- : othe 
Common 

gurnards, 

Plaice, : 
Common dabs, . 


Anglers, 
Common 

gurnards, 
Thornback skate, 
Plaice, : a Ill o 
Common dabs, .| . 
Haddock, . ol oo 


Haddocks, . cil 
Common 

gurnard, 5 |} 26 
Anglers, 6 |i 6 
Whitings, . ihe 
Butter-fish, 0 
Thornback skate, 1 
Plaice, ; 
Witch soles, 
Long rough dabs, 
Common dabs, . 1 


Cod, . ‘ 
Hake, 
Gurnards, . 
Angler, : 5 
Dragonets, . TEIhe 
Plaice, ¢ : 
Witch soles, 
Long rough dabs, 
Common dabs, 


Haddocks, . 5 || c 
Whitings, . moll ve 
Common 


gurnards, oil 6 
Dragonets, = lc 
Thornback seat’ 6 
Plaice, ! 3 
Lemoti Solesw) We). 
Witch soles, 5 
Common dabs, .| . 
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TABLE C.—ReEcorp oF OBSERVATIONS MADE ON BOARD THE ‘ GARLAND’ DURING 1898. 


A. FISH CAUGHT—I. 


Station, 
Date, and 
Time 
Traw] 
down. 


Station 
III, 


May 26. 
10-0 a.m. 
to 
11-45 a.m. 


June 6, 
2-20 p.m, 


Oct. 12. 


June 14. 
1-55 p.m. 


to 
5-40 p.m. 


Oct. 13. 
10-30 a.m, 
to 

12 20 p.m. 


Station V. 


* One 26 inches. 


Kind of Fish. 


Cod, . C6 

Haddock, 

Common 
gurnard, 

Pjaice, 

Lemon soles. 

Common dabs, 


Cod, . f 
Haddocks, . 
Gurnard, . 0 
Thornback skate, 
Plaice, : 
Common dab, 


Cod, . 

Plaice, 

Lemon soles, 
Common dabs, 


Haddocks, . 
Gurnards, . 
Plaice, 

Lemon sole, 
Common dabs, 


Gurnards, . ; 
Thornback skate, 
Plaice, . 
Lemon sole, 

Common dabs, . 


Anglers, 

Common 
eurnards, 

Plaice, 

Lemon sole, 

Common dabs, . 

Thornback skate, 


Haddocks, . 
Whiting, 
Gurnards, . 
Dragonet, . 
Plaice, : 
Common dabs, . 
Witch sole, 
Lemon soles, . 
Long rough dabs, 


Moray Frrra—continued. 
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|| One 30 inches, 
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| One 3 inches. 
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TABLE C.—RecorpD oF OBSERVATIONS MADE ON BOARD THE ‘ GARLAND’ DURING 1898. 


Station, 

Date, and 
Time 
Trawl 
down. 


10-25 a.m. 


June 14, 
8-5 a.m. 
to 
9-45 a.m. 


Nov. 19. 
12-0 noon 


* 49 inches, 


Kind of Fish. 


Gurnards, . : 
Angler, 
Whitings, 


.| Plaice, 


Lemon sole, 
Common dabs , 


Codta 
Haddock. 
Angler, 
Common 
gurnards, 
Plaice, 
Lemon soles, 
Common dabs, 


Haddocks, . 
Gurnards, 
Thornback skate, 
Plaice, 

Common dabs, 
Lemon sole, 


Haddocks, . 
Gurnards, 
Thornback skate, 
Plaice, 

Common dabs, 


Haddock, 
Common 
gurnard, 
Red gurnard, 
Catfish, . 
Turbot, 
Plaice, 5 : 
Lemon soles, 
Common dabs. 
Three -bearded 
rockling, 
Solenette, . 
Thornback skate, 


Coda. - 


Dragonets,, 
Gurnards, . 
Witch soles, 
Lemon sole, 
Common dabs, 
Long rough dabs, 


124 


t+ 30 inches. 


A. FISH CAUGHT—I. Moray Firru—continued, 
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t{ One 80 inches, 


S1zE IN INCHES. 


9 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 23 | 25 
alt Ca eae Cram ewe em) eal. Mtl aida Dara sip es vee meget cea 
| | 
2 1 | oe | - 
: | ee 1 
2 6 ti tinier Za 3 
niles | aS 
| 1 
1 1 | 
1 
lt pedal) Wha Bey a0) | 
Se SrA: Sale e258 27 2g <2 
Be psa ecey Rk” 1 Bal | 
li : 6 | | 
||. We Die 
: aol cl . 
° | . ° 1 
ele Zale a be”? 1 : 2 
50.8 
: “ Be aR ee ot SB: ; 
4: i 2082 1 ew ee : 
: . Pe a en as a a : 
3 Diy Zale ieee Dee ee lelegs 
2 ; 
| | 
iy 
; 1 
a be 5 : 1 swrilets 
2Te2e ede la Suir. 2 ae 1 ay. 2 
a oat Oe oe 
| | 
. . . | 
aa: 1 ; 
° 1 ° . ° ° ° ° 
. | ° . . . . . . . 
° | e e s . 1 . 
° 1 . oe 1 i ° ° 
3 3 3 | Aa fe ° | fags ° 
sy a ee aes ae A. 
| | | 
| 2 ! u | J i 


§ One dinches, || Two 2 inches, one 3inches. [ One 3 inches, 
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Part I1I.—Seventeenth Annual Report 


C.—ReEcorp of OBSERVATIONS MADE ON BoarpD THE ‘GARLAND’ DURING 1898. 


i 
A. FISH CAUGHT—I. Moray Firru—continued. . 
| Station, S1zb IN INCHES. 4 § 
Date, and 4 |D 
Time Kind of Fish. | | | Total ian 
Trawl 4/5 | 6 |.7-| 8} 9 | te | 447) 12) | 13 | 14) 1s) 16 P17 | 18 "| 19) on Rone ees i 
COS see ore Sea Ne eee | at ota eet al eer ctatliact let rl er 4 
ee ee eee ee ee ee eS ee a a 
iis 
June 15. | Haddock, . anaes . 6 : 0 Wills g 6 0 . : ; : : : . 0 5 9 i : 
8-55a.m. | Hake, . . salle 5 : : © . : c C : : “| : - ¢ : - : Lees i | 
to Angler, ‘ er hae : ; . ¢ ; é ; 5 : - : ; ; Z : 3 : 1 1* ; 
10-40 atam;|Com: pmmnards, .)) veyt|) alt] P55 2y ieee tonleeor| Onl eeken an sh teehee el ts hos a eee Ren rr 1s} 4) 
Thornback skate, | . | . SIMleeee lh te Por Paseo Wi : Dah Pe giitte | a eee if 2 ae 
Lemon soles, .j| . ME Se Py OP : : Ts at : c 5 . ° ° Q 10 | 
Witch sole, Blea tlly gia easy yl ; SP ieeeh lames 1Walmeeiraibnee |b snl Pecal (east eae ml eee Flee 1 all 
Long rough dabs; |. |.) WE | 55) (4p ee ee eer le esn ah ce] omehe | Lem] @e0n|| aoa in 26 i 
Common dabs, SG PUG I) ey) BO) We aL] : c ° : 7 : 4 . , : 2 2 5 76 q 
| 
135 i 
a 
Nov. 18. | Haddocks, . Pailin : c : . 5 Dui Ala) ee : : ele : 9 6 : : é : 6 | 
1-30 p.m. | Whitings, . a |i oe] . c : : Silas . . ek: 0 c : . c ¢ Hal aais 3 : ' 
to Hake, : relates : : : 2 ; j : : , : : 3 ; : ; Salta 2 Sat 
2-20p.m.| Anglers, . Seal aaa : : ‘ ; F ; ; 3 OE lini F 7 6 A ; j f ‘ 2 al 
Pogge, : yale: We ; . ; : : Rl : : 5 . F : é 5 : 1 a | 
Common i I 
gurnards, atk a 0 AP es 6 ioe : 3 , c 5 . ° 9 ° : : : 5 : 
Cuckoo ray, oulle¢ 1E |i o ; ; : ¢ ; 0 é 5 é ; 0 é : 0 5 : 1 ‘| 
lemon soles, . | -. st ae AV & ‘ : . 1 ae . : c ° 4 ; : : 5 4 A | 
SVitehrsoless ss 2 cml Gomi vecan| oon cesta eee Di} SAS Reet) Sapa} ketal omer ie pio WS “| camer 5 a | 
Long rough dabs,| . 6 aN Bol oo ; : ; 6 . : 3 ‘ 5 ; ; 5 ‘ . 7 1 
Common dabs, .| 4 | 66 | 49/42] 9) 4] . ; 5 : . : 6 5 - ; : : 5 174 : 
210 | 
Station —— fi 
VIq. | a | 1 
Maiy?2 7 min@od. ee 77 ce, Weel Some penal setals SEM|| yeaa Beam teak ceeamls geal pee ne Pees is 2 eige. |. 1] Aly 
1-55 p.m. | Haddocks, . Bal’ # ‘ 5 SuP22 a OM pales 2S ale Om neon tee ae ee : : . : 3 : z 114 i} 
to Whitings, 5 3 é 5 6 1 I atey if) &) 4 % ||. 5 0 3 3 ¢ ; 5 : 30 2 | 
3-40 p.m. | Hake, 6 oF abi ; : c . a 0 ial wel eae 0 2 5 F 0 : 5 : 4 3 3 j 1 
Anglers, . . . . . e . . . . e . . . . . . . 2 2 4} | } (| 
Poor-cod, . sali te TE : - : ; : F 3 5 : : a : : 1 a | 
Plaice, oh lh : : ; ae) : 3 IO) ¢. : : 2 5 | 
Sail fluke, e ° . e e e 1 . . . e e . . . e 1 | ! 
Lemon sole, Sal he nails hekanl deena iare mall ee com bs ite ee g : ou dl > 5] ora ie J 
Witch soles, a bn e j ; . PN ? wy 2 i ieee 4 3 ' : 6 
Common dabs, .| . | 30] 67 | 47/13| 4| 1] . BE Lael pmol Fate) aml pecan iecemanl iae «| Seed G2 4 
Gurnards, . : Te Ge le ET a 2 al ee el Ue ol 5 F , c ° 0 . ; 4 28 re 
353 ) 
el ee 
ee 
| aye 
June 15s Haddocks, . ° ° . e . 1 ° i 2 ° ° . . . ° ° . . 4 ! 
2-5 p.m. | Whiting, . Palle’ a é ; : 5 ; 1 Risers 5 ‘ ‘: 0 9 0 0 0 ; ° : 1 
to Hake, : c a : . é : 1 BiG i 5 4 . ° : . 5 4 
3-50 p.m, | Com. "surnards, . 0 f Ge Beh Si PN ae ee it oes ° . Bt {fo ° : : : 19 
Anglers, ° ° . . e ° ° e ° . ° ° . ‘ . ik 1 By ~ 
Plaice, sels 3 : ; 3 : : : 3 : : We le - 5 i 
Lemon SOlES(o Weewill Be 5 Die Ab ts 1 ; 5 1 , 5 ; < A 5 q 
Waite SOles. 1. pvt Goede ca: be ai eeke tl Meal) Moment Gala eee ree ad «hoe ol ce es] oe eee 5 a | 
Long rough dabs, Ze a 2 a ‘ - | 6 2 ; 5 3 5 : 60 i: | 
Common dabs, . Ue) lB |; | Bak Pole |) a 1S ee > 9 3 : é 2 87 i 
| eee ; 
| 188 | 1m 
ih 
Nov- 18. | Haddocks, . lle alter bot bom wel geal metal alo ot Ul. |e]. 1 1). to eee 
10-25 a.m:| Whitings, .. | . EP pds | 8) a Seas Ral eral aed coe cea Piso) esol, | ounce er 30. |aa 
to Hake, ° e ° . . . 4 1 e ° . | ° 1 | ° . e © « . ry ° 6 q ] 4 
12 noon. | Brassie,; , culls DFG al ea alas ave ; ; au ies | 4 ae ullt allie : 2) || e/a ieee 11 |g 
Common 
gurnards, - | | 14) 481] 38 Gal QUI) ae ‘ Stell” ali) <e 5 : : 5 3 : . . : 109 
Plaice, A Solid iG . ; 2 : - sre liecds . : 0 4 ‘ : - . 1 i 
Witch soles, : ‘ 5 sl ee aL 2 2 alas I ie 1 1 Wilko 2 ° 5 . : 30 
Lemon soles, dha 2 oval tes Dal Pe 1 LO eae Ie 5, 3h Wa Oh Ge Mo ‘ oiler mal eae 9 
Long rough dabs, 6 1938k || 427) 707) ee 5 o A | . ° ‘ . : 4 A 5 84 
Common dabs, 10 238 1181 42 8 i . O . . « e . e . e ° . . . 480 
| 780 
| { | a 
——————— 5 ~™ 


* 35 inches. 


t+ One 380, one 33 inches. 


of the Fishery Board for Scotland. 
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TABLE C.—ReEcorp oF OBSERVATIONS MADE ON BoarD THE ‘GARLAND’ DURING 1898, 


Station, 

Date, and 
‘Time 
Trawl 
down. 


Station 
1D. ae 


May 28, 


to 
11-50 a.m. 


June 16, 


{11-30 a.m. 


\Station xX, 


May 28. 


6-35 a.m. 


to 
8-20 a.m. 


8-5 a.m. 


| 


* 30 inches, 


A. FISH CAUGHT—I. Moray Frrra—continued. 


Kind of Fish. 


4 
a 


Haddocks, . 


10-5 a.m. | Whitings, 


ATO LCT 

Starry ray, . 0 
Com. gurnards, . 
Plaice, “ 
Lemon soles, .| . 
Witch soles, 

Long rough dabs, 
Common dabs, . 1 


Haddocks, 

Hake, é Bn | Sie 
Com. gurnards,. | . 
Thornback skate, 
Starry ray, 
Plaice, 
Lemon soles, 
Witch soles, opiliaeas 
Common dabs, .| . 


Haddocks, . 
Brassie, . 
Whitings, , 


Hake, 3 
Common 
gurnards, 
Anglers, . : 
Plaice, 0 


Lemon soles, 
Dragonets, . 
Pogge, ; 
Witch soles, 3 
Long rough dabs, 
Common dabs, 


1s 
Starry ray, Satie 


Cod, . ¢ : 
Haddocks, . 
Whitings, . 5 
Com. gurnards, . 
Catfish,  . 
Brassie, 

Cuckoo ray, 

Sail flukes, . 
Lemon soles, 
Witch sole, 
Long rough dabs, 
Common dabs, 


14 


Cod, . ; ‘ 
Haddocks, . 6 
Whiting, . SG 
Com. gurnards,. | 1 
Starry ray, 

Plaice, ; 

Sail fluke, . j 
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Long rough dabs, 
Common dabs, 
Anglers, . 
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cr Sa eee Pali 
17|941|°9 
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i oF is ea Ih 9 
; Ie rise 
i etae esa ae 
eles Sle a 
Ce hea oe 
Ja ies ; | 
20 | 15 é | 
Sui Gh -wlm 1 | 
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| | 


SIZE IN INCHES. 


12 | 13 | 5 | 
+/+} +] +] 
| | 
Rt se eS ell 
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Hew 1 | 
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Cre Co Or ARR tO 
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++ 
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SR DOL DD be bt 
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4] 28 inches, 


+ One 3 inches. 


t One 3 inches 
** Three 3 inches. 


One 8 inches. 


|| One 28 and one 32 inches, 


tt One 30 and one 42 inches, 
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TABLE C.—Regcorp or OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 1898. 


Station, 
Date, and} 
Time | 
Trawl 
down. 


Nov. 17. 
10-45 a.m. 
to 
11-10 a.m. 


Station 
XI. 


May 19. 
5-20 a.m. 
to 
7-15 a.m. 


June 9. 
4-30 p.m. 
to 
6-35 p.m. 


6-25 p.m. 


June 10. 
3-45 a.m. 
to 
5-50 a.m. 


x 


Kind of Fish. 


Cod, .« A F 
Haddocks, . : 
Whitings, . 


Common 
gurnards, 
Sail fluke, . 
Witch soles, 
Lemon soles, 
Long rough dabs, 
Common dabs, 
Thornback skate, 
Fuller’s ray, 
Starry ray, 
Anglers, . 
Plaice, c 


Codie : 
Haddocks, . 
Com. gurnards,. 
Catfish, 
Dragonet, . 


Pogge 5 
Plaice, : : 
Long rough dabs, 


Common dabs, 
Lemon soles, 
Solenette, . 


Codie. . 
Hake, 

Whitings, é 
Com. gurnards, . 
Red gurnard, 
Anglers, 
Dragonet, . 
Plaice, 

Lemon soles, 
Long rough dabs, 
Common dabs, 


Codaues ° 
Haddock, 5 
Com. gurnards, . 
Angler, 
Dragonets, . 
Plaice, 

Lemon sole, 
Common dabs, . 


Cod, . ; 
Haddocks, . 
Whitings, . 
Catfish, a 
Com. gurnards, 
Plaice, 

Lemon soles, 
Common dabs, 


One 3 inches. 


Part IIT.—Seventeenth Annuai Report 


A. FISH CAUGHT—I. Moray Firta—continued. 
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28 inches. 
“| One 3 inches. 


{ 32 inches. 
** One 3 inches. 


S1zE IN INCHES. 
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|| 3 inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BoaRD THE ‘GARLAND’ DURING 1898, 


A. FISH CAUGHT—I. Moray Firtu—continied, 


| Station, | SIZE IN INCHES, 
| | Date, and | 
‘a Time Kind of Fish. l Total. 
Trawl AO Gren We See Se WhO AL TD TS ra oe TG ye Ie tS Ooh 2Oel Dh |p OB On 
Down. ae) ae PSPUAE ars Gri pare ed aici cee a eee bao iar teeters (Ga iers [ee eh a 
| Station. i 
i) XII. 
ae 
lh May 19. Cod, a 3 . ; 6 0 2 1 . 1 1 2 6 O 3 ff 
l mm adocks sume lies Ici (eee): Sila Ble 8. 6-84 Bl Fs aes 1 a as : 43 
: to Com. gurnards, ‘ : ‘ 5 : if 1 1 1 H : 4 =F ; f q 11 
Mm | 4-5 p.m. | Thornback skate,| . | .|.] . . ete peo | . Dias 1 
| Plaice, Me este fret Maret ls ve 1) Ae (fa ea eg! ht Ti Ear i 18 
Lemon soles, .| . ; a alites Del) 1 : Eh BP Ole Gis lpet Sele wre ; 15 
Gommonidaps. 4. I | She 6 pO le Be , lin : : 28 
| 123 
iti ec 
! 
} ) 
‘B| June 9, | Cod, . ° calc : . Sellen 1 : ; : . 1 
i) | 11-0a.m. Whiting, A We lon : : ; ‘ 1 ‘ 4 : 1 
—5 to Com. gurnards, . : : Veils RA at Gor (er he OL |e) ae 3 A A 24 
| 1-0 p.m, | Dragonet, . 2 5 : 6 i : . 1 
| Thornback skate, : ‘ ; 6 ‘ ; 4 ‘ i 1 1 
Plaice, 5 : - é : : : : é : : : : : : Pan ae : , : 2 
t | THEO, ig. vege Poel ets dha tI Da HE Sy MRC a oles Ht are eve eas CR en Ca I Pi 1 
fi Lemon SOLS Hamers eee ; c al tege : ; ‘ Liye ; Te eel Dlr f ‘ ; : F 6 
i Common dabs, 9) 22.) 929) 7) 1 6 | a ellioee : : 5 : : sir it saailieere a : : 5 20 
| 57 
¥ | Sra 
l I 
\)| Station | 
i XIV. | | 
M| May 20. | Cod, . 5 zy : 1 : Zale a aes : 1 ey 
6-30a.m. | Haddocks, . ; " y 1 5 ‘ 2 2 if : , 3 
i to Com. gurnards, . | . : See Sule, 20a , 5 5 | . aly 
8-30 a.m. Anglers, ; : : : 2 3+ 
Thornback skate, ; : il ; 1 2 
Plaice, 5 : i : 1 ls ee 1 J Shall sat! : 4 : 7 
{ Sail fluke, ; f : ; ; : ; i: =H ah le UA ae 1 
) Lemon soles, .| . : 1 | al om |erOts (ee lel Des lates line Tones israel ile ote ; 19 
‘) Long rough dabs, |. : Shi ey |e Pa ‘ 0 ie 9 
fH | Commonidabsi a) a 24 Gulab) 38 2 3 ; : 40 
] | — 
‘ 115 
| | EEE 
p) 
lh 
d 
al | 
—-@ June9. | Cod, . oles A : ; 5 hes : 2 2 ‘ : ; 1 
yi) 6-55 a.m. Haddocks, . 5 lanes ; : 2 3 1 2e\as 1 ] f 3 8 
to Whitings, silly : 6 ; j 0 24 No 6 : : , : : 2 
8-55a.m,. | Com. gurnards, .| . ‘ aL aes Siler. Sai ote le ee : 11 
Anglers, : 2 : : ; : 1 It 
H Brill. e ' : 5 : A 1 1 5 2 
i) | Plaice, lee } ‘ : . ‘ 3 1 Da lienobe lite: a 5 6 
Lemon soles, Be ac ; F 2 2 A ] 1 5 1 if 2 4 5 14 
| i Longroughdabs, | . : 1A By Nea eee a : i ; 8 
| io Common dabs, . |. TP |] ts). 3 : 23 
d | a 
! 76 
4 aE 
Station 
- is 
jm May 19. | Haddocks, . sbles : ; at aa Ish, Ml aheep he 4 
{if vad a.m. | Com. gurnards, . Leonie 62)’ =-1 : : : . . . : Se [ake 15 
A | to Catfish, . eae j i 5 ; ; : : j : : : ‘ call : : : : 1 1§ 
yj 11-30a.m.| Dragonet, BJ pi jee TRS LEI? gd BS | SEAS TaD ee J ied es rere aie Akt ae te 1 
a) | Plaice, 5 6 : 5 iL) 2 Che te 5 
A | Lemon soles, . : ; 5 mine 1 1 1 | ; 5 
i” Longroughdabs,| | | 29] 2{ 3] 31/ . ee Tilia’ 10 
i Common dabs, , | 22] 50| 51| 2| 2] 4 ; : | Bolte 131 
| 170 
me 


* One 35 inches t One 30, one 35, and one 38 inches, { 30 inches. § 35 inches, 


TABLE C.—Recorp oF OBSERVATIONS MADE ON BoaRD THE ‘GARLAND’ DURING 1898. 


Station, 
Date, and 
Time 
Trawl 
Down. 


ae 
June 10, 
11-30 a.m. 


t 
| 1-50 p.m. 


Station 
XVI. 


May 18. 
9-55 a.m. 
to 
11-45 a.m. 


June 10. 
7-0 a.m. 
to 
9-0 a.m. 


Station I, 


Part [11.—Seventeenth Annual Report 


A. FISH CAUGHT—I. Moray Firru—continiued. 


Kind of Fish. 


Coda. : 
Haddocks, . 
Whitings, 

Com. gurnards, . 
Plaice, 

Lemon soles, 
Long rough dabs, 
Commion dabs, 


Haddocks, . 
Hake, . sal 
Com. gurnards, . | 
Anglers, : 
Thornback skate, 
Grey skate, 
Starry ray, 
Witch soles, 
Long rough dabs, 
Common dabs, 


Catfish, . 
Hake, . 

Haddocks, . 
Whitings, . 


Com.’ gurnards,. | 1 


Grey skate, a “a 
Starry ray, . ; 
Long rough dabs, 


Common dabs, . 2 


Plaice, 
Common dabs, 


Plaice, 5 
Common dabs, . 
Long rough dabs, 
Lemon soles, . | 
Cod, . A 
Haddocks, . 
Whitings, . 
Common 
gurnards, 
Angler, 
Herring, 


5H ¢ 
rarer 
i 
Fee |e) 
opal 
| 34 | 27 
| 
hee a 
as 
res ers 
8 | 37 
7 | 3s 
| 
Weed 
26 | 44 
9 | 59 
| 
| 
Tees 
7 | 96 
1 
Pe a8 
1 


TANS | Oe Oe 
ae fee We Paty |e 
lhe maa 
Bul atla seer el eel 
onal lee 
Bol eal ee Weel 
1 By au ini 
rhe bee ies 
Fl 
Bae Bile estleae uno 
pales 1 
Bolles | eg] es Ae, 
By hae colle 
eae ee 
30 | 3 ue 
15 | Vast 29 1 
{ 
| 
rie OE ath een. 
Ra es tol lee 
1 oe) Sodio Ny 
36| 1 : 
49| 9] 4 


c 2) 3 82 
A Cae PWD le 
: . 2] 4] 8 
fod Se Beil ecodetle LE [lh 
. 2 | pelt ewan ae 
ih ts WS a 6 
: : c : 1 
Way] UO) 1 
: Lo, ay eee 
A ae aL gee 
I 6 . 


* One 30 inches. 


SIZE IN INCHES. 


12 | 13 | 14/151] 16| 17 
ara OTR pe TR a 
| 
ra 
als TB alemoe eal el twee 
1 
2 : 
Bh a 4-1 
3] 2 Tele 
| 
| 
| 
ia DY aie ea : 
a i 
ark egies 
) 
peal) eae ee 
dW ees e . 
2| 3 in. 
4 8) 78 
5 bet hag 3h er ae 
ie ea 
figs | 
Palo lh es | 
2 | e 


+ 40 inches. 


{6% inches, 


Oa ee 


20 | 21 | 23 
fe | 
‘les 

Miles 

1 1 

e e 1 

ae DR 
qu ; 


| +8 


Total. 


So =” hm pO 
S09 St Hd CODD Or 


oe sl 7 
ee a ER NN Nk a Rewer etl 


_ Station, 
Date, and 
Time 
Trawl 

Down, 


| 


| 


Station 
Hug 


May 4. 
10-35 a.m. 


iB to 
| 12-10 p.m. 


Station 
IV. 


| | 2-50 p.m, 


Station 


May 5. 
11-45 a.m. 


Kind of Fish. 


Cod=y. : 
Haddocks, . 
Whitings, 
Common 
gurnard, 
Plaice, 
Lemon sole, 


. Long rough dabs, 


Common dabs, 
Halibut, 
Flounder, 


Cod, . 5 
Haddocks, . 
Whitings, . 
Plaice, 

Lemon sole, 
Common dabs, 
Long rough dabs, 


Cod, . ; 

Whitings, . 

Common 
gurnards, 

Plaice, 

Lemon sole, 

Common dabs, 


Haddocks, . 
Whitings, . 
Common 
gurnards, 
Plaice, 
Lemon sole, 
Common dabs, . 
Long rough dabs, 
Thornback skate 


’ 


Cod, . 
Haddocks 


Plaice, : 
Lemon sole, 
Common dabs, 
Grey skate, 


4 
oe 


ee Se eee ee eee 


BG 
Je ee 

7 

tes 

| 
10 22 

| 

| 

| 

| 

| 

| 

| 
42 18 
* 5 

| 

| 

| 
a Ila 
1 47 
Abi 

1 
1 

3 


27 


16 


~1 


or * 


s | 9 
Ba (ee 
Tel eo 
1! 6 
9! 9 
Tae 
Buea 
jal es 
2| 3 
sy 

12] 6 

3 

Pylon 
g 7 
dy eer 
a leary 

34 2 
Hye 
7| 8 
Dy 14 
SIRT 
RS | 
Bod 
pila 
Girt 
re 
PS 
3 


TABLE C.—Recorp or OBSERVATIONS MADE ON 


A. FISH CAUGHT—II. ABERDEEN 


of the Fishery Board for Scotland, 43 
30ARD THE ‘GARLAND’ DURING 1898. 
Bay—continued. 
SIZE IN INCHES. 
7 | ics Total. 
10/11 | 12 | 18 | 14} 15 | 16/17/18! 19 | 20 | 21 | 23 | 25 
SF CCE ast eat rine tea | ere etek [eng ea Fe tee re elec al lads 
3| 2/13] 2! 3 pera A omens 14 
2 1 pd ene é ea ae 10 
pt a A hia aalie be i 
te toera| 23 egy | eI Ne el ee ei ne 18 
alien! ee eee aktKiees 1 
9} 1 . . . . . . 3 
ule al Sraipe, dtaceuarees 72 
: 1 lhe 1 
1 | ; cushee 1 
184 
] 4 : 5 , 3 
Tal veedesly Ons aloe 10 
ea on 3 Ba 4 
lee lee Dela. | "Ss eae, 22 
5 ay ; A : 1 
Gal ewles. f lhe 99 
1 . ° . . 4 
143 
| 
| ais 1* 
| | . ° 4 
Seles al itee ler fae ; | Ag he 36 
4 5 9 5 6 7 2 6 F 43 
1 1a ‘ | re 145 
| | “ 
| 230 
Tae i a ate 1 Sei! 8 
ihe) an es a | seins 20 
Bet Tele : | x Altes 37 
Se Paan el earen cle gil oo lecime | ae Soliee 17 
' ORK 1 
| CG ! . . 14 
ie id ; : 3 
eee 1 | ie lity 1 
| 101 
ear) 
eee! 2 ne be ihe iclled 4 
3 ; lac C Fil aescrbiea: 17 | 
Saha i Laaltes 2 
sia 1 ; , Praha tiglisi: 5 
clits: 1 ; panei, 1 
2 . 4 : 2 ; 10 
4 1 3 | ; 4 2 
| 3 
Cit 


* 30 inches. 


ll  — 


44 


TABLE C.—Recorp OF OBSERVATIONS MADE ON BOARD THE ‘ GARLAND’ DURING 1898. 


| 
Station, 


Date, and 
| Time 

| Trawl 

| Down. 


Station I, 


| 11-20 p.m. 


| 
| 


| 
| 
| 
| Station I. 


Aug. 25, 
8-10 a.m. 
to 
9-43 a.m. 


ee 


| Cod, 


A. FISH CAUGHT—II. ABERDEEN BAay—continued. 


Part ITI.—Seventeenth Annual Report 


Kind of Fish. 


Cod. . : 
Haddocks, . 
Whitings, . 
Ling, . 
Common 
gurnard, 

Poor-cods =, 
Plaice, 
Lemon soles, 
Common dab, . | 
Sail fluke, . 
Grey skate, : 
Thornback skate, | 


Haddocks, . 
Whitings, . 
Brassie, 


Hake, . 
_ Conger, 
| Ling, . 


Nurse-hound, 


_ Thornback skate, 


|; Common dabs, . 


{ 
Grey skate, Hl 
Red gurnards, 
Common 

gurnards, 
Lemon soles, | 
Long rough dabs, | 


| 
| 


Common dabs, . i 


{ 
| 


Cody: : 
Haddocks, . 
Whitings, ; 
Brassies o | 
Hake, . F | 
Argentines, 
Common 
gurnard, 
Angler, 
Pogge, : 
Black soles, 
Lemon soles» 
Witch soles, 
Long rough dabs, | 


Grey skate, ve 
Thornback skate, 

Cuckoo ray, 3 
Rough-hound, , | 


Co 


SIZE IN INCHEs. 


2) geme 


DO pO 0 


Se SiS OPO 


iv) 


REVNC RG Us 1 Oo 


ee 


t 48 inches. 


* 46 inches, 


+t One 28 inches, 
tt 3 inches. 


SS ee ee 


16 
11 


Oy ree OOO 2.0 


too 


-_° 


SNS 


° w° 


DS peiO 


1 


3 
23 


0 Gao 


Ge 


Or BOre Tec 


Rimi pezien (es lem oles 


§ 44 inches. 
{t 3 inches, 


+0 
ae 


0 


Oo p\0 


eo 


pa -° 


os? 


11 


OO 


poy CVC 


yO 


Coareryenyd 


OD) p00 


19 | 13 | 14 | 45 

Hea | be) 

2 1" a 

@a\ sible) Sal eee 
1 1 
Sake 

i hee oe ee 


2 1| 
: | 
: t| 
pent 1a 
F Di ewe 
Ne face 
3113 
Nel eral) oat 
2| 11 3 
ea 


|| 28 inches. 


- $$ One 35 inehes. 


“| Seven 3 inches, 
||| 28 inches. 


Gt ee ee ge ean 
— 


23 
BE 


—— | -—_—__ Se ee 8 ee ee ee ee Ss ee 


** One 3 inches, 


of the Fishery Board for Scotland. 4s, 


TABLE C.—Record OF OBSERVATIONS MADE ON Boarb THE ‘GARLAND’ DURING 1898, 


A. FISH CAUGHT—III. Firru or Crypr—continued. 


Station, Size in INCHES. 


Date, and 
Time Kind of Fish. ait: 
Trawl 4 


5 
down. +/+.)+/] 4 


lao | 13 | 14 | 15 | 16 | 17 | 18 | 19 
tlt} +i +4] + 


o 
pony 
+ © 
= 
te 
i 

= 


| | | | | | 
Station II. | ey ae | | | ip a ae 


Jie, Dek ADoser Gay Mts Our Daca ee (a ee A ae re co me a 


A one afi 
3-20 p.m, | Com. gurnard, . Ball Wo aS Belle ees dK weer ae batuect ahaa 2 : - A Sil og tl, coreg reel ee on | ] 
to Plaice, ; , Pelle 8 alt ; soe Sancta presale 4 Lee Odi, dl iol oe" ap cee 1 | 
4.35p.m. | Long rough dabs,; . | 2/ 1/1] . 3 ise AH , Allo eal ae Cel Sar 9 “| 
Commonidabs se. |) 3 i ol) oO) Dy a |: ; Salita aaa te (tos poles a (tious (tere oF 
| | H | | 
EE doa ot dee | | 16 | 
| | | | | eS 
| 
| | ieee dee Mane fee 
WecnO melEEACOOCKS tern te wb wo at fh oe ta ee ai SM Gal Sake QL SM Wass he Ses US ee Se hee laa 19 
9-12a.m, | Whitings, . cil ere : Ra eee tb hy aes AM SSNS ter, oes shige ; ale elles szt lite 4 | 
to Brassie, . ‘ Dal ’ il 3s i F ; ‘ Stencil Caters ns pes Belt are Pale : : 6 
10-35 a.m,.| Poor-cod, ee sai ek j : : ‘ ol | | | . | 1 
Hake, . ete Cele cleton yaw alias eG GME BMC CREA ml Ee We Mo ih ve Mole cay ae 10 
Com. gurnards, . : 5 ales : : ‘ : Seal taf ; ; 2 : : 5 : . . i 4t} 
Argentines, SOlLer. : ; é ‘ ‘ ; el Se : b ; opel os F i : : : 3t| 
Dory, . ; Palla : 5 ‘ ; Ne ; las Wee: c : ; ‘ : 3 : ‘ ‘ 1 
Durboty i) gy|[N 8 c : aeeilh oe : : : é : , clive : : : : . ; 1 J 
Plaice, ‘ : : é 3 ene 1 ] 2 : Si) 12 Si el 5 7 | 2 Pele ee ; 29 
Witchysoles; | 727. ; Aa totes ; : : 4M As) We 7) 8 a la p art eee ale: =. 8} 
Lemon soles, . j omelet les hoses there LS ates) eroy ees ie a, Ke ods Aa ais 2 | 
Op AROUSED Seniesa Mamma cen gree ree Re ci oa ee el ee ea io eS 3 
Common dabs, . 8 | 20 6) 13 5 Maer: : aetdlic ome hs : ‘ ‘ a lone ; ; 6 58 | 
Thornback skate, 1 | Valers . 2 | 
| | ‘ 146 
Station | | 
Ii. | 
eels) WHitings on Wy eh | te le ek | 2) 4 1 | : | | 11 
12-53 p.m.| Haddocks, . ¢ ; 5 Anata ; te | Lae e ey lie Mea We aes . D : ae leat PAP 14 
to Brassie, : Hil ie , : A eke al ; iiss toatl (ee U1 Meee | ie A Bf ones : alee 2 1 
2-15 p.m. | Com. gurnards, . a name ees H | | | os 7 | 
Dragonet, : | : | ; 1 | 
Anglers, : | Fal ie Lasts } 1 4 
Hake, . ‘ Pa : P ‘ Zyl celle : : ; Bee IE gf ea ZOO Sieh 29. 77 
Chormback skate Wk ml sc. ks Weoe Pn We Le : : lige Nees het 1 
Plaice, ; ; ; 5 ; : : : ; Ae | il 5 iigar. 2 
EMIOUSOVS SS tanh veemlipeelie an) |e ee eos. A eBues A EN A eee a ST apt ss 8 
Witcutsoles tl meal oulerall sesh cio aul enl tio Wet || daa Ot. | Pele alls | Mek eal ky ee ee ile cpa 
Long rough dabs,; . | 3/10) 43) 24) 7 Weve p Rol Ftalt a: ate liens tleeh il) acme cali rately liye elas 87 
| | | eaten 
| | | | 270 
| | —— 
| 
Dec. 8. | Cod, . ; Omi) vig | oii 3 : : : : : 3 é ; 6 : ¢ 4 | 
12-25 p.m.| Whitings, . Bit |e : spell eee ; araleitn BS 20 ae hs é ; OT ite 3 13 
to SBSEN SS |e 1) ao Meret o[h Seah, C8 Io kth 08 30 (a ea OU | KO Va aan (ec | 12 
2-0 p.m. | Haddocks, . : ; 5 c j 3 Be Melly as i A i alae 1 Aas c : . ] 4 
Poor-cod, . i Galore Salle : : : : : 6 : : ‘ : : ; : 21§ 
Hake, : 5 3 5 a : : ni | Nhe, 5 : 8 : 6 : 4 8 Ree ifaales 5 Gap? 53 
ANON. sfilees P ; j F Pa ilitce ‘ ; bee: 5 : : 5 4 Ae lett : 1 1 
Liparisvulgaris, |. p : A : : : : . é ; ¢ 5 A ; 5 é ¢ . 5|| 
Argentines, k ; é ; i 1 5 : ‘ : : : : : “| 6 : C 2 
MEMES! COVES SIT le | yu TMA ee PIR et eT De ae ee OO ae Dt | SP eee tea eal 3 
Plaicennaee ealbies 5 5 f 5 ‘ . ; AGS : ; D5 a antes ee highs a2, 5 
Remon cO ee aaa em mee alee tle Ss ale) gO onl eM Del eae We, HS Ge Lohse eae ee 6 
Witch soles, Palle eee ; 4 ‘ STUBS WSS OXE 1 CRS DAL SG EE oe ee WED AN Ds Pele) al oe : 187 
GICs SRD e mm Meet Ge nie Wn Sh ON es ee ee hele aay 1 
SHOU MENGES ENS 1) | or 7 ie ee en en Pe a aC ee ae a ee 3 
Long rough dabs,| . | 47| 7| 2/ 4| 21 . : | | | ; | =| [63 
| eae? ute 383 
| fe mali ast iene | | a 
| | | | | | 


1 | | | ! ! | - “ = = 
* 28 inches, ¢ One 3 inches. t Two 2 inches. § Five 3 inches. || 2inches, One 3 inches, 
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TABLE C.—Regcorp oF OBSERVATIONS MADE ON BoaRD THE ‘GARLAND’ DURING 1898. 


A. FISH CAUGHT—III. Firrx or CiypE—continued. 


, : 22S Be SSS “i 


| Station, Sizez IN INCHES. 
Date, and 
Time Kind of Fish. | ] | Total. 
Trawl Ca) 6 PNB NAS 10 Pe 25 1S | TES TS Ty Sa NO 20a ee ea eee 
| down = ie Wie ail (i ens cies (ae (aise eae Peel atl melo eesecoeecr bos am 
| Station | 
| Iv. ee | | 
| | : | 
(pemig 24... Haken: pata Set yl otal Pend) aay es : | | | t 
(11-18 a.m.) Com. gurmard’,.; |.) | os~ |) Be) “Ga Dea) aa Se beg sco) ae eae eae ee 9 
to Anglers, . it (pee Me creat econ | alte ; mutate : : : : aN ras : Saal xc : ; 2 3 
11-55 a.m.| Thornback skate , j ; ine aes ; c eS Mee tell es iby | ik 
| Lemon soles, enue ie cpt iltermy eels Bath tec : , 1 | Z 
Witch soles, ACs ; . 2 $ ; Ah ell PP a rege : ; Sales Sl ors : ‘ : A 2 
Long rough dabs,||) 2 9\P on| 2) 4 oe aes - Se ge ae Sateen Vise ed e's 7 ‘ : 2 14 
Common dab, he 1 | 1 
| 33 
| | } — 
| | 
Dec. 8. | Cod, . 3 5 a one ae 1 syle : ‘ - z : ; 5 ‘ : : , 5 Ps 1 
10-40 a.m.| Haddocks, . ie ee ae er ee eG ita tc er niotbsbee tt | 10 
ine ito Wihitings,-:  —| 0 |owcaf 6 PO al tee ae Ge a a eo | en 9 
11-20 a.m.| Brassie, a ee ee per a ee een mrolbeia tar it ahh ef |. 3* 
| Hake,s cio ca fk Peateliae oe Pe Woe te EVR ed 1a al lee te hdl oe et 19 
Angler, . Blick shee hee : Pia| oe is : | oe he ie : eee ald ile ; : 4 1 
Witch soles; sf [ce fe [ef] TS Det 2 Sr a) a a ee 20 
Piked dog-fish, <4) foie bee Seiten : 3 on eee Seiten Salus Vale de) 8 
Thornpack skate: cio jn Laie as lect li <del eal Ai ealle eerlae oo 2 
| Long rough daps; 309d | | ae eee ee ena ee Ue elt le ere eet 5 
| TOmOnSOles se) 4 et | este ell. enon 2 
| i | 80 
Station V. | —_ 
| Aug. 31. | Com. gurnards,.| . | . : Jet 2 
10-35 a.m.) Dragonets, lle : : LS : c : anil 5 
to Thomback skate} 1 fe cole S)5|ecnl aoe alley eee ead 3 
ies0.a-m:| Lemon soles, ti. \ | er) ei de RS A lnce| 7 
Long rough dab, a ees | a nll 1 
Common dabs, .| 3/16| 6; 1| 1} 28 
| | | | 46 
| | | | ere 
| 
Haddocks,. .j| 3] . be lac alee te i ecole (Oe ceaaiat en oleate Mo ae cm 4 
Dec. 14. | Whiting, . ae ee it eee rl ellen ek si ea ae NE rll di 
1-53 p.m. | Hake,. : Sai Nee ae Nbr: F , i 1 2 
to Redrgurnardy) =|. 5 : 1 ‘ : 1 
2-45 p.m. | Com. gurnards, 2 Z , 2 
Lemon soles, ; oy A AD Na ll eta eee le eee || cea) ae ‘ 4 
Witch ‘soles, | : 1 ; 4 Batters Palere : al alee 1 5 x 
Long rough dab,| . Seda DG aoe IIA , , ; 3 ; : - ‘ : ; ° 5 
Thornback-skate,| . | 1| «4 . : Tl 2 : ; ; : ; Hy eal c 4 
Common dabs. . Seema NO At 1 , : 9 
| 36 
| Ce 
Station : 
VI 
| 
Ang. 25. | Cod, -. : alae ‘ ; 4 : ¢ ‘ : HAL 3 ; , : ’ : ; “ ¢ i 
2-50 p.m Ling, . ° . . . . e . ‘ . ° . 5 . A . . . . . . il . 
to Com. gurnards,. | . ‘ || REL 9 ol a6) | peal ae : : ‘ 4 : 2 : f c . c 27 
4-40 p.m.| Anglers, . a eae Oa eed a (ee ne fe hee Se let a AR ace Ee Mere eral co fo § 
Thornback skate, |. , ; DN ae A . j * 5 3 33 3 ala ee i] 1]|| 
Raia maculata, ; : ¢ il as ? : : 3 : ‘ 5 ; 4 5 ‘ F . - q2 
Cuckoo rays, ./| .- ; ) ee Jaa a) i ; al Ae glee , - : A ; : c 5 “9 
Grey skate, poh dee ee aD We eh a ee eee ge ol 2 er shy 
Black soles, lee , ce Wak - ‘ Dialines Pa : 3 é : Fe : 5 ‘ 5 3 2 
Turbot, Pe (rte (ee Ce Oa (ea a ee ees VS OR et tes MM | al 
Solenette, «0 6. [Me] Sy | SS 1S |e Se ae eee tee ee) ON eer er 1 
Lemon soles, _. all. Sa \eus AL Ath Ca a UD are iE . SHES : ; : C 5 F : 11 
Bragsie, 20. [et ae) ele Be a ie De sree ce a ol |S ail ean ee 
Dory, : 2 . . | . | 1 . . | . . . . | . . . | . . . . . . . 
Dragonet, re rae a ae ee ee eo i er el eR RE 3 
Conger,  . 3 | 6 | oe flan] ee} x | mile 2 Pe ee ne ee 
Common dabs, .{ 2.) «| 18 | 4 | 4) we) 2 ei ae) oe ee 13 
; y 88 


* One 3 inches + Three 2, one 3 inches. t One 3 inches. § 30 inches. || One 28 inches. | One 35 inches, 
** One 30 inches. +t 51 inches. 


Station, 
Date, and 
Time 
Trawl 
down. 


3-27 p.m. 


Night 
Trawl. 
Sept. 23. 
11-47 p.m. 
to 


| 1-35 a.m. 


ri | 


8 ———— 


> a 


S22 Gap pet pe ee a eee 


inches, 


Kind of Fish. 


Cod, 
Whitings, 
Haddocks, . 
Brassie, 

Hake, . : 
Com, gurnards, . 
Witch sole, 
Lemon soles, 
Black soles, 
Common dabs, 
Thornback skate, 
Cuckoo ray, , 
Piked dog-fish, . 
Nuwrse-hound, 


Cod, 

Hake, 

Brassie, 

Com, gurnaid, 
Red gurnard, 
Poor-cod, - - 
Piked dog-fish, . 
Thornback skate. 
Lemon soles, 
Witch soles, 
Long rough dab, 
Common dabs, 


Haddocks, . 
Hake, . 
Whitings, 
Brassie, 

Teinteaere : 
Argentine, 

Com. gurnards, . 
Black sole, 
Witch soles, 
Plaice, 

Common dabs, . 
Long rough dabs, 
Thornback skate, 
Fuller's ray, 


Cod, 

Hake, . 
Haddocks, . 
Brassie, 

Conger, 

Anglers, ; 
Thornback skate, 
Lemon soles, 
Common dabs, 


Haddocks, . 
Brassie, . 
Whitings, . 
Poor-cod, - - 
Hake, : P 
Thornback skate, 
Brille: : : 
Witch soles, 
Plaice, 

Common dab, . 
Long rough dabs, 


of the Fishery Board for Scotland. 


A. FISH CAUGHT—IIL. Firru or Cirypk—continued. 


oy peareir ie 


SFPOR Or OF 0 


er st 


5|6|7 
ee 
Pella 189 
DF lee | 03 
Py earl <3 
8/9 
sie 
aa 
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TeNarget) (4 
Gelteeires 
ell hae ® 
eh 
alla Weg 
32135] 7 
ahaa cal 
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1 ea 
1 1 | 
si 
1 z| 
Rely on ulisye 
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Jes een hae 
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2 
eerie t 
Wie 
iene 
Soha Ye 
to Mey na 
alleal ar: 
Date ea 
a Neonat 
Fall Ne oA ie 
1 ; 
ry ee 
ral bia ee 
ie 
ie eee lt 
Dl eo Ie | 
2 } 
yh oral Baa 
1) 32 
Wile es, 
elec id <a 
5 
1 3 
i ee | 
| 
Tbs} | 


be 


ee ene 


Size In INCHES. 


| 3 inches, 


{ 30 inches. 


§ 49 inches. 


D2 TS TAS GE | delle lelSal 19 
| > soulse aR Vee ae 
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one OPN F : 
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| ] 
Drives oat a F ' p 
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; ; : : 1 Saf 
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if 
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ue alte! ane 
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: les Dole a6 5 
1 d ; : : 
12 We Sone’ ; ; 
13 | 32 | 11 | 10 aa See 
: aly ec ele 1 s 
ge Ras eipea : 
mae ee ares od 
Be lege Ie eh Nex : 
‘ He eae 1 
; 1 & 
; rips } 
31 2| Diles | 
; P : | | 
ne a eae | See ae 
| er) oleh pag 1 
Tle Be lee aL ea a} : 
. | | . . | 
; oe 
| ee 
| eee 
|| One 30, one 37 inches, { 44 inches. 
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Mico Me 
See Oe i= 


2 


wo 
QQ 


t 


1s 


— @ 
met > NS 09 ST i ee 


. 
© kt 


* bh 
He pet eet eet BD CD OO Or SU DOD 


HS 


Oo 


— 
bo 
_ 


Hm! ~T Oo He 02 OD 


¥* One 3 inches. 
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TABLE C.—ReEcorp oF OBSERVATIONS MADE ON BoarRD THE ‘GARLAND’ DURING 1898. 


A. FISH CAUGHT—III. Firru or CLypE—continued. 


Station, Size in INcHEs. 
Date, and 
Time Kind of Fish. ; | | r | l "ae be az Total. 
Trawl 4/5) 6) 7 | 8 | 9 | 10] 11/12/18] 14 15 | 16 | 17 18 19 20 21, 23 | 25 
RE sae Pace ae at soe eas fe ed eer run Ve efit cre | 
[ae (Sen ORIN POE Ms [| SE es | es eee Eee le 
j | | | | | | | 
Station | | 
VII L | la = | Le) ae 
Sept. 7. | Herring, . degre! aa WR ; alte sPal cs ae Te Ree (ae hel Hi A : eae ore | ile 
12.45 p.m.| Haddocks, . See) ee tees TE ac Ct een eae Rly ate : ; Rye Pen erases a i G- 2 
to Poor-cod, . 5 4) 6 x lle Po ae : ; i a | ec : : F See fee | ae \ eco St 
2-15 p.m. | Whiting, . an 1 | : | j ‘ | | | i 
Cod, ae | | 2 | aie | eee 3t 
Gobius minutus, |. . : : pelt ee ; : : : 3§ 
Com. gurinards,.| ./ . ; ; 5a ae il | 2, 2a ‘ a 5 
Three-bearded | | 
| rockling, Naat there me |e | tog || : : etaheee ee eat 3 
| Nurse-hound, =, |). | - |. 4 4 ae : z : ead | « aT 3} 
Thornback skate, | . | . | lee eoak fe 4 Lal Seeing eae 2 
Piked-dogefish, |\.2|- |i Stes eae 241) hes Peete iS 
| Argentines, Poa a 4 alte alt eet ee | : | oe wala c on asa ee B) 
HaKGsom Ft. era? Pale | 1 | afi 1 eee Alea eemtiese)) |= 
j Sail flukes, . . . Belt ab us a) al P 3 4 re | aes | 3 
Witch soles, octal tt al Reape tibere bere 1 , |-. | 5) 53) Segoe 
Lemon sole, ifr ade al al icant : | “a il 
| | | 1 
| | ie | hee aaa |. ey eee 
| / SEs 
| | | Sa ead a 
Night | |e bola 
Trawl | =| | | j 
pepe 28. Make, 2). foment sep en || Se hla} g | Me See | hee hci a eleieae) Oe ah | ee 
| 8-45p.m.| Brassie, . Sal papel Cee A Loca | Soo eee : med eae) he wd deel Peet A oh) eS erate ie | Sad 
to Poor-cod in | Ws hs oar tb tay) ae ee ee, Pee al eed ee ieee eee re ss | tae 
pesos Monger. fe) Feat] Ghee ee ee ee al : | ees) 
Thornback skate,| 2. . SV ibe: 1 les el oS ees ol eee ] | 3 | — $§19 
Sailfiakes 0 Ye Cl Lehn ee op eal iced Te Lede barca a mE bo. |. oll on 
| Witch soles, =e Ba Peciete cs Meoe Recon Fasie ge | Sat a | | 22 
| | | i } 
| |. |e) Sele 
| | | | ee 
| 
| | 
| Dec. 17. | Cod, . : tL de ook Poa il eee, eee Reon hen Meteor boa [rae ae ssa isso, 1 
| 8-16a.m.| Haddocks,... .| . 2 Ne oh eaten ee Ti] e. AA Ne eat © al idea) etl eee | 5 | 8 
| to Brassie, | 8 a ee Se ee eons os eee eee eee | eet) oon mae 
10-10 a.m.} Hake, : Sal Weenie oat aos eee et oe SeOul ee ae, I Fe . Pl 
Argentines, so Lees st pated ae fea ee ee ; : | owt) eee 
Com gurnard,: 7 9)) 20) | 42a ae ant oe Gal a6 “ " 194 
Poor-eod, . ; DO bce oh Wallon Bes Paalliges F 4) 1 é F : cele : oe Wao Pie |r yh ee 
Anglers, . ae ; : : : . E i ’ aa oe Bae) : : . : meee (ict 
| Red gurnards, .| . ; eect iat ibee 4 Std eee ee Teh aa es ee) es . : oe 
| Piked dog-fish, .| . ‘ : . é ‘ cee ee | +tt4 
| Thornback skate, | . : ] 2 ; 1 7a) el Gat eg Ulin fal 1 | 9 
| Cuckoo rays, | he : é ‘ : 4 il 3 : ara a i oy 
Sail flukes, . call each : at age Pn bX ie) She bt eo ea ok 1 iW 
Witch soles, | Bie 5 19.| a NEG.) eed Be oo 37 
Black soles, ra : Te he : 1| i 2 
Whitings, . oy ken tie ; pp ae 2 j ta - F 4 
Commondab, .| . | . 1B 24 | ee il 
| | | = 
| | 512 
Night | | | | 
[raw] 7 
1899. | | : 
! Jan. 17, | Haddocks, . ; | 5 : 1 i 1, Be g : A 1 es 1 | F 4 
(225 pem.| Whitings,”.- p24] 3°) 2] be | as oa) 2 | : . 16 
| to Hake, . : a ae : . ct eas ae 24. Sct OM ond 1cea te Khe ae | 43 
| 7-40 p.m.| Anglers, . Pl aoe : : ‘ 2) eee yi ome Re eee MOSM eee . | §$§2 
| Red gurnards, «|. 2-} 2 | {J} /oc} 21 age) aCe) | oe) 
Com. gurnards,.{ . | =| 410°) 21 4-44 STS ee el cl oe) Sd a 
| Brassie, eee ee ee eS re ae We ee ee ee ; / . ae 
Poor-cod, . AN ie ose Pe eG: ae : : + AS ila 3 : eae lee ° o> Hee $ 15 
Thornback skate, | 1). 5 : a ae ie ee 8 Pd P ci Oe a fe fl ; i a ead at 4 
Cuckoo ray, [fe] | OR OE oe Sar ad en eee etna | adds 1 
Witch soles, lie xt : : * | ese Behl as | TOS. 3 | 7 
! | H } | ——— 
| [oo le eal be. (Sc ea | 178 
| | { \ | i lone dae tcanell 
“Sinches. + Twosinches.  ¢OneSinches.  § 2 inches. {28 inches. One 35 inches.  ** 5 inches. tt 3 inches. 
tt 55 inches. $§ Two 28 inches. ||| One 3 inches. “|€| 5 inches. “** One 3 inches, TH 26 inches, 


tit Two 26, one 28, one 30 inche:. §§$ 30 inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BoarpD THE ‘ GARLAND’ DURING 1898. 


A. FISH CAUGHT—IIIL. Firru or CirypE—continued. 


Station, SIzE IN INCHES. 
Date, and 
Time Kind of Fish. l Total. 
Trawl 45 (fied 8 Dj} LOe Us| 125) 18) 4 edloy (akon 17 | 18 | 19 | 20} 21 | 28 _ 25 
down. Sal ce | aie Mae pai ieciny ict! ister ie ries ieee Natoma epee mete Mee ectmbeshe cts |. srl 
Statio 
IX. | | 
| | | 
Aug. 31. | Cod, . : ° : : : 5 3 6 : : 5 : : 2* 
1.35 p.m.|} Haddocks, . a 5 5 5 4 3 , 1 Des eel | A . 2 
to Whiting, So Shceed taal tee cole eal a ae es ey | | : 1 
3-28 p.m. | Conger, Swipes el r= | Ball egsoalter eo ya 5 Wes WOE | - Webel ae 1} 
| Hake, ‘ Atel itt Se 2 =a 1 . eel Apap: Se dl ie : 1 | ; 3 10t 
Angler, Sdn 6 - Sule So) Bee las et eee : BAlll We . tae | - ° 1g 
Com. gurnards,. |. | . a ete 241 20S iOS) iS 2e eae : 408 
Brassie, . sel ac SNOT ee SPAS Seen tre ; ; : : : A | el 14 
Pie cdedopatlshi. cer | mrsnolerseii'ss tl ivoitink eB lees gel Berey| « hale Cay piel ee eee | Sik 1 
Thornbackskate:,| 6s... (ef =) = rk |, ded eof a a er nO eek en Ue ee 10|| 
Grey skate, o tl oneal 2 5° a : Ear late | : : | Ek sc 1 
| Cuckoo ray, Sia herd | ote : ea EH ah mela we een are | eae 1 
Sail flukes, Behe hee | Ee il peed is caed nie ay eae eee on ee ee Ae Ss 2 
Lemon soles, se. it chien id ass : egos . : 2 
Witch soles, EAM eine! ee Pe tOn esa leae| Fale) |, * 25] eles | ee | 21 
Long rough dabs, 1 es: . set lais : ; - | 5 7 : | . 5 
| 
Pe 482 
| ! Co) 
| 
| | 
1899. | | | | | 
Jan. 17. | Whitings, Ss thes on CHL, Gap UIE) OFS GIA oe ‘ c j ; Lee 5 Si, C0) 
9-37 a.m. | Brassie, yA ook Tf Ne US ee aa ied SCb Ie Pn ie ae 2 
to Poor-cod, Seelae ras beeeeeltareiadioke esa alias Py eae ; | tal ar 16 
11-20a.m.| Hake, . ees an ee ene Gul bal 2B I naka leon on dl ae es oe lieeniiG 
Argentines, Wy) oc : : BF il S 3 . : : . - : eal au : . #44 
Anglers, S| er peal Sa ieee : ; Dl een eter | A bes a : ; 2 
‘ Conger, oa ee se) hers hell GR, sol aed Pomaand eee | : ae eeme ees ttl 
Red gurnards, : : ; ‘ , gale Di tins 3 Temes ; ; : . i 
Com. gurnards, . | . a i La Qui eS TG \4) | ies : A : 0 31 
Thornback skate, | . |. PACH Gest eines Ta PS ut eg Dn es al fe etoaa Pe, : So ikaes 6 
Plaice, Bo( Call ore Byer ale el acetal ae LN sea a lee Ba : Wake . 1 
| Black sole, . . & | ac 2 ral oe ; Tes ae awe ec cat liareny:| : . 1 
| Witch soles, alee: : : PS Gr ee elu e2e(-1Sh econ! : hota : ‘ 37 
Long rough dabs, | . F 1 || : : é : | A Ke 5 A F A : 3 
Common dabs, 308 a 2 a Padi hice iilteer ealers : é : . 13 
| Zeugopterus,sp.?| 1| .|.| . onl d Veet sn ee pa ee 1 
| | | | | I 
| | jag | | 191 
| | | | | | er 
Station X. | | | | | 
| | | | 
Pree inke ec le Bl eee i | aN at iis 1 | 
11-0 a.m. Com. gurnards, . aes 3 || allay ee eae : | | a el acetal a 26 | 
to Angler, . eh ehh see Meier he eal apr ll eae ts Ae | | le a te 
1-10p.m. Thornbackskate,| 1). Seah ae ee 1) 8:4) : eo F ; 6 
-_ Cuckoo ray, salen i conde al hecomalicey Bee ceh Usa Rl koe nttccc neath er 2 | 
Black sole, F : Ba ee : 18 x eta eavee site j 5 f 1 
Lemon soles, : ied Palio : Ihe soar | [ea lisa lite Ra hts 4 
Common dabs, Te LOR re aalete 7 | | en | ae Kase 17 
| | | | | 58 
| | | | | Ce 
1899. (aati tary cab bee Pere 
Jan. 16. | Haddocks, . CS a ae eee Sul Sole salen on tek : SEM eM eyed ariel Payer ooo allls 
‘|11-50 a.m |} Whitings, . 5 et a ae ASS AS ae TOF Nera to nA ata noe ye eds0 
| to Brassie, ee | a call |, ial le Poll Sol Maca 5 eects fe sr 4 
1-30 p.m. Poor-cod, Gracie cel, iil eoean ies Bees mararrlh sey: [=e ie. Pe elt oe 10 
Hake, é ee eee eller, al | | Aa A Ghimoe: etn |e lines uel GPa SO) la | . | 8. 1§g108 
Thornback skate, Teale | es : ‘ i} 2 1 ea) als | 
Fuller’s ray, | Bee iden A Niieae at Coe eek ie peel rat 1 3 
Argentines, | ae ippek Ue re Seed ees a a ees | . II 12 | 
| Black soles, =| Pe het hoe ; 1 1 enw 1 4 | 
Lemon soles, a. : Oh oe el te eh Nee 2 | 
Witch soles, : 5} at i] TBS 1) WB} Minas | V7 2 ‘ 64 
| Longroughdabs, | 4. 3 | apie || BEM hehe | 7 
Common dabs, mel 2 | ers eile i th 2 
| | | | 
| | | | itt | 358 
} 1 { | i ener 


|| I'wo 28 inches. §| One over 40 inches. 
||| One 3 inches. 


§ 28 inches. 


t One 30, one 35 inches. 
§§ Two over 25 inches, 


+t 48 inches. tt 3inches. 


* One 31, one 32 inches. + 35 inches, 
** Three 3 inches. 
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TABLE C.—Regcorp oF OBSERVATIONS MADE ON BoarD THE ‘GARLAND’ DURING 1898. 


A. FISH CAUGHT—III. 


Station, 

Date, and|_ 
Time 
Trawl 
down. 


10-56 a.m. 


| 


' 


~ Kind of Fish. i Zig 


Hake, . 


-| Com. gurnards, . 


Thornback skate, 
Piked dog-fish, . 
Witch soles, 
Lemon sole, 
Plaice, 5 
Common dabs, 
Long rough dabs, 


Haddock, 
Whitings, . al 
Hake,. : : 
Com. gurnards, . 
Streaked 
gurnards, 
Dragonet, . : 
Thornback skate, 
Plaice, ; 
Brill, . : 
Witch soles, 
Lemon soles, 
Black sole, 
Long rough dabs, 
Common dabs, 


Thornback skate, | 
Plaice, ‘ 


Station 
XII, 
| Aug. 30. | Cod, 
12-20 p.m.| Hake, : 
to Poor-cod . ail 
2-10 p.m. | Conger, 
Angler, 5 
Com. gurnard, .. | 
Pristiurus | 
melanostomus, | 
Thornback skate, | 
Grey skate, | 
Blavee ar tass- tte 
Sail fluke, .. 
| Witch soles, 
| Long rough dabs, | 
Common dab, 
| =H 
| Night 
_Trawl. 
| Sept. '8.. |} Cod, . 
|; 8-O p.m. | Hake,. : 
to Angler, “ ; 
| 9.57 p.m 


| 


* One 26, one 28, and one 35 inches, 
and one 44 inches. 
38 inches, 


Witch soles, 
Long rough dabs, 


Part ITT,-—Seventeenth Annual Report 


FIRTH OF CLyDE—continued. 


Size IN INCHES. 


4 


oe! 


Soa a 


32 


18 


13 


28 


| 14 


|| One 8 inches. 
§§ Oae 28 inches. 


el 


{ 


G7) Se eS | ae aae 
eee 
ee Hee Tah A etal ae 
Sut oon 2 
1284 Seall 184) 
AY Seal AG NSS 
| 1 
ig eee 
19 (cola 4 
i 4 1 
4/331 9 
Ione 
Lathe np 1 
ele eso eba lee 
NC aol Mate Ing 
Bias 
22/17! 2 
Blleee ied 
1 ‘ 
| ss 
te 
Ses 
Le ate | on lem tatty 
ci oa es ea 
Hee esa 
| | | 
| 
| 
tema | 
eae 
a or 
wie a 
Ae au 
| 
| | 
| | 


+ 26 inches. 
@ 45 inches. 


aye 2 


ae 


47 


| 
| 
| 
| 
| 


| 


Qgjd O22 


oe Ne 
“I 


15 | 20 | 19 | 32 


| 


} 
| 
| 


I 


10 


26 


agosn oo 


OER yO DTU 


19 20 21 
fae 
ie 
ie oa. 
| 
fe 
| 
| 
7 
| Sila 
Nt Hien 
eae oe 
} 


oem: Js 


25 
4 
| 1 
il 
2 
7 
39 
2 
1 
cae | 
22 
i 
69 
7 
1 
_ | gghe 
: 4). 
a] 1 
. | ge 
2 
101 


53 


168 | 


{ One 3 inches. 
** 30 inches, 


tt One 8 inches. 


§ One 26, three 28, one 20, one 39, one 40, 
tt One 50, two 36, and one 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 1898. 


A. FISH CAUGHT—III. Firrn or CrypE—continued. 


Station. | Size in INCHES. 
Date, and 4 # : eas ice 
Time | Kind of Fish. err ees | l l a Nl | | l | Total. 
Traw! Sa pes |e Wale S| 98 20.) 14 | 12 | 18 | 14 | 15 | 1Gij Aa 18s) L920 21 | 28 1'O5 
down. gra be remn senate er) ee ate tate neste tes pete era eee ete a gee ele tee ere 
eae | | | | 
1899, 6 gi enced Baal ea ee a et a ea Peers Mev del 0 3s |e 1 
Jan 20. | Whitings, ; a ke Deel 2¢/ Wifes levee icc ; 4 | ache 5 Peal le é : : 2 8 
10-24 .a.m.| Brassie, a oe . | | . = at . 1 
to Poor-cod, . ef ois : seh cea eae le 3 ofl - | ; oe B ; 8t 
12-10 p.m.) Hake, : dt bok une ales BM Oe wale Wy aek Hcee al MON Ree Fale AM he CN ira) Pena 2 33t 
Argentines, 2 elit Aliana oP atonal Wes 5 cme ee pelea 2 SOS corel ale ; 2 
Red.gurnard, .5,| =) |= | eli san Sects aed ee eeecan 8 ele er a | 1 
Com. gurnard, .| . Bs res } ; P Mie ool ge” alas fialinme | ‘ | 1 
Angler, : 5 Ba fee 5 3 3 ‘ | 5 | | A | 1§ 
Rockling, sp. .. | . ee es : : DS egserti ee eecea|) eel ke : =e ee : , ¢ 2 : : 1 
Thornback skate.| 1 | . | .- ay staid 5; seul teoa lec : ; 1 ge acter es Pa ee ahs 1 | 5]| 
Biullensisaynyeews || seniincm | os Sella ¢ oir a2 : : Bi fewe clas 1 c 1 
Plaice, 3 Hell axe . 5 5 6 sce |evebral hs , : aml: | J 
Wyaitehysclessme PES ane | Selyreh Sete sg TEN 20") 2) 10x) 28 | ; 108 
Long rough dabs,| . | 37 | 67 | 97 |144 | 56) 4/ . | . ‘ ; =| | 405 
Black sole, oes vl: : : i ; NaI os . : -i | | 1 
| | | | 
Night | | | | 578 
Trawl. | | | | oe 
Jan. 23. | Cod, . : meal ss j 5 ee sl ee clite ; : : , : <a] | a1 
6-0 p.m. | Whitings, . Pa lageet st ae 1/18). Palvace aes Suing eu las DT 
to Brassie;| «- ollie 3 i leo a aie c oy |e : : “pe llene : | ; : : . : - if 
7.55 p.m. | Hake, : FAAP a : Seles STi ere ge a (Uh NES a tg ec oul eich fe 11 
Anglers, . Slt ve pears . : cel, c ell ss : ie ate Wet te ia : ¢ : : **Q 
Thoruback skate, | i | . . tales a Allo : : : : “elles pba liexog nl we ‘ ° 1 2 
Witch soles, ul 2 : : ; Gr meGal eka Saal OM eS Ot Es See li es ee ree alice 83 
Lemon sole, oll 9 5 : Sallie Lie ieee . shale : omiliees : ; : : : : : il 
Long rough dabs,| 2 | 82 | 29 | 49 | 96 | 47| 2 | | 307 
Station | 
XIII. | 435 
SSE GL 4 COTO EST gr ltr (Ms eS Nea ec a GC | 2.) 
8-37 a.m. | Whiting, : 5 lec : . : 1 ate | | 1 
to Herring, ‘ ; . : . 5 p 5 | tt 
9-30 a.m. | Hake, : BF leg : : . : eh : : ‘ 3 ce I 
Com. gurnards,. | . 5 : SA he Gite |i eee) |e aH ai : asl 20 
Liparis vulgaris |. : : : ; P é S : : oil, oe pe ; : : : ; ‘ Tire 
Thornback skate, | . é A j F : ; . ; : ee , SS lua - ‘ 1 2 
Plaice, 3 0 c : : : . OI ee 2palalto teen ieee Mt alpen fe 25 
Lemon sole, : : F : : : y 1 ' ‘ | 1 
Witch soles, eile : : ; ; : ik |e eat gal 8 19 
Long rough dabs, | . Seta 24) |e ie B : 3 4 92 
Common dabs, .| . ; : Pa Wey lh ae é 5 é : ; 8 
174 
Dec: 6. | Cod, . : STIL isc Ihe Rae ergs lla il mem see 1 hey Pec | 1 ee 6 
8 30 a.m. | Haddocks, . oll ; Coals : ; : : ‘ : I a al 1 , 9 
to Whitings, . allele . Uy Nr Lea aly ss Ora TM egal ee ae| §§11 
9-50 ain. | Brassie, —. 5" lee 5 : shi : WSs . : ‘ tenilers : : 3 : : ; I|\|3 
Hake, : Sele ; F Neel Pes ; Oe) es ‘A : 5 lets ‘ MG eet Gees : . j 5 
Com.gurnards, . | . ; : . If 2 =a ees pes ee Wan live seal Gear ; ; au emardlhge 4 
Argentine, Maines : ale aA oe x celiees 5 : git ; c : ; 3 A : 1 
Memon soless) «5/05 || -. 5 ai 6 : aly a lh, Asean tee les : A Paine . 1 
Witch soles, al eee P 0 ; ; : Ted cl bee) |hne R oN 93 . 5 ‘ 15 
| Commondab, .| . I ie | ; : ; 1 
j Long rough dabs,| . : 1 Ball 1 | | ; s 10 
Thornback skate, 5 5 Nh ve 1 
= 
Station | | | 67 
IV. | | Sea 
| | | | 
PEE, PEGG BPS ogg ae OE ie 8 Tee ne a Oe We a cl ane va a MU 2 
9-50a.m.| Saithe, . PR ee ere erie to ol ie Salpenian her ah it oR pal eal G. Ue ee i 3 
to EGON en! ne) Il a ae A tne Vn Mtr Pee Gl er) ac a eS | 1 
11-0 a.m. | Hake, : Eile ole eee Wegener et es 1 al Weare (ee ep Desde oe he eam hae : 1 2 
Whiting, . Toa hanes seelienie : ‘ : Tel cael ; oe Pe (ees : F ; 3 ; 1 
Com. gurnards,. | . | . 2a eee Aig I ee ee a Me ese ey a or Pere aren OMS | RB rr Ly oan 17, 
Plaice, oo PO) eS Ac Ieee ee Ie ee ea Lee ite ea oa fet ie ooa fi 
Witch soles, sei ee F Seale ‘ é 5 Ne Tp Oy I) I I 5) 2 Salas Ml | 40 
Common dabs, .| . 2 piel ae Gulia alia tee : P : | | 8 
Long roughdabs, | . Ae 22a COM 20M ede 2 cyl ; all ties dst 3 116 
| fee 197 
paisa. tt Biss = Bal \ | SHEER 
* 38 inches. } Five 3 inches. t Three 26, one 28 inches. § 35 inches. || One between 2 and 3 inches, and one 26 
inches. *| 38 inches. ** 23 inches. tt 3 inches. ${ 23 inches. §§ One 8 inches. ||| One 3 inches, 


o2 


| 
| 
! 
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TABLE (C.—Recorp oF OBSERVATIONS MADE ON Boarp THE ‘GARLAND’ DURING 1898. 


| 


Station, | 
| Date, and 


Time 
Trawl 
down. 


Dec. 6. 


| 9-60 a.m. 


| 10-50 a.m.! 


| 12-40 p.m. 


12-50 p.m. 


| 11-15 a.m. 


to 


| Station 
XV 


Aug. 22. 
11-40 a.m. 
to 


Dec. 6. 


11-50 a.m. 


to 


Station 
XVI. 
Aug. 23. 


11-37 a.m. 


Dec. 7. 
to 
1-20 p.m. 


Station 
XVII. 


| 9-55 a.m. 


10-0 a.m. 


| Saithe, 


Cod, 


| Piked dog-fish, . 


A. FISH CAUGHT—III. Firru or Ciype—continued. 


Kind of Fish. 


+e 


Haddocks, . 
Whiting, 

Brassie, i 3 5) 
Hake,. : 
Com. gurnards, . 


Plaice, 

Witch soles, 
Lemon soles, 
Long rough dabs. 


Haddock, 

Hake, . 

Com. gurnard, 
Herring, . : 
Liparis vulgaris. 
Piked dog-fish, . ; 
Grey skate, . , 
Plaice, 6 . 
Witch soles, ; 
Long rough dabs, 


Cod, . : 
Haddocks, . 9 
Whitings, . Zz 1 
Brassie, . 
Com. gurnards, . 
Conger, 3 
Plaice, 

Witch soles, 
Long rough dabs, 


Piked dog-fish, . 
Witch soles, 


Brassie, 


Witch soles, ; 
Long rough dabs, so 


Cod, 

Saithe, 5 ‘ 
Conger, . Brille 
Com. gurnards, . 
Plaice, . 


Witch soles, ; 
Long rough dabs,| 1 
Comion dabs, 


Brassie, . : 1 
Poor-cod, 

Conger, ; 
Gobius minutus, . 
Turbot, ; 


Witch soles, : 
Long rough dabs, | . 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 


down. 


Moray 
Firth. 
Shrimp 
Hauls. 


Station 


J une 14. 
30 minutes 


Oct. 13: 


30 minutes 


Station 
VII. 


May 17. 


||30 minutes 


A. FISH CAUGHT (Shrimp Trawl)—IV. 


Com. gurnards, . 
Plaice, 
Solenette, . 
Common dabs, 


Whiting, 

Com. gurnards, . 
Plaice, 

Common dabs, 
Solenette, 


Whitings, 

Hake, : 
Com. gurnards, . 
Dragonet, . 
Lemon soles, 
Common dabs, 
Long rough dabs, 


June 15. 
30 minutes 


Nov. 18. 
2-45 p.m. 
to 
3-15 p.m. 


Station 
IX. 


May 28. 


30 minutes 


June 16, 
30 minutes 


Nov. 18 
30 minutes 


Com. gurnards, . 
Lemon sole, 
Long roughdabs, 
Common dabs, 


Hake, . 

Poor-cod, : 
Gobius minutus, 
Dragonets, 
Pogge, 

Lemon sole, : 
Long rough dabs, 
Common dabs, 


Whitings, 
Gurnards, . 
Lemon soles, 

| Witch soles, 
Long rough dabs, 
Common dabs, 


Com. gurnards, . 
Lemon sole, 
Long rough dabs 
Common dabs 


Whiting, F 
Com. gurnards, . 
Dragonets, 
Pogge, 

Anglers, 

Plaice, 

Lemon soles, 
Solenette, : 
Long rough dabs 
Common dabs 


Moray FIrtru. 
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TABLE C.-—ReEcorp oF OBSERVATIONS MADE ON BOARD THE ‘ GARLAND’ DURING 1898, 


Station, 

Date, and 
Time 
Trawl 
down. 


Station 
>a 


May 19. 
30 minutes 


| June 9, 
30 minutes 


| Station 
XIII. 


May 18. 
30 minutes 


| 


| June 9.” 
50 minutes 


Station 
XVI. 


May 18. 
30 minutes 
| 


| 
| 
| June 10. 
'30 minutes 
| 
| 
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A. FISH CAUGHT (Shrimp Trawl)—1V. Moray Firru—continued. 


Kind of Fish. 


Dragonet, . 
Pogge, 3 
Solenettes, . 
Lemon sole, 


' Common dabs, 


Haddocks, . ; 
Whitings, . Bel 
Lemon soles, 


Common dabs, 


Lemon sole, 
Common dabs, 
Pogge, 


Cod, . 
Haddock, 
Whiting, 
Brassié, 

Ling, ° : 
Lemon sole, 
Common dabs, 


Dragonets, . 
Lumpsucker, 
Pogge, F F 
Long rough dabs, 
Common dabs, 


Argentine, . 
Haddocks, . 
Whitings, . 
Rrassie, 

Poor cod, ; 
Com. gurnards . 
Dragonet, . oa 
Lemon sole, : 
Long rough dabs, | 
Common dabs, . | 
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Fe os cs 


'30 minutes 


TABLE 


eon 


Firth of 
Clyde. 
Shrimp 
Hauls. 
Station 
VIET: ~ | 
Sept. 7. 


Dec. 17. 


‘30 minutes’ 


Ix 


Aug. 31, 
30 minutes 


| Station 


ee nN Eee 


of the Fishery Board for Scotland. 


A. FISH CAUGHT (Shrimp T'rawl)—V. Firth oF CLYDE. 
(1) ORDINARY TRAWLING STATIONS. 


| Cod, 


Haddocks, 


| Whitings, 


Poor-cod, 

Com. gurnard, 

Three-bearded 
rockling, . 
Dragonets, . 

Herring, 
Gobius minutus, . 


| Thornback skate 
| Sail fluke, . 

_ Solenette, 

| Long rough dabs, 


Brassie, 
Poor-cod, 
Whiting, 
Argentines, 
Dragonets, : 
Gobius minutus, 
Sail fluke, 

Witch soles, 
Com. gurnard, 


Cod, -. 
Haddocks, . : 
Hake, : 
Argentines, 
Whitings, . 
Poor-cod, : 
Com. gurnards, . 
Three-bearded 
rockling, . 
Sail fluke, . 
Thornback skate, 
Cuckoo ray, 
Gobius minutus, 


Hake, 
Whitings, 
Brassie, 
Poor-cod, 
Argentines, 
Com. gurnards, . 
Dragonets,. 
Three-bearded 
rockling, . 
Thornback skate, 
Gobius sp? 
Plaice, 
Witch soles, 
Common dab, 


Long rough dabs, 
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TABLE C.—RgcorD OF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 1898. 


A. FISH CAUGHT (Shrimp Trawl)—V. FirtH oF CiyDE—continued, 


Station, SIZE IN INCHES. 
Date, and 
Time Kind of Fish. : 
Trawl Dele Sais illo) lO | 7.) 8.) 9, | 10") 11 12:1 13) 24) 15. |-16 | 17) Be ee oom 
down. EE ee Re ae eee Se ee eesti Wats ihc aie lt et i rs 
> can | a aaa) UE ea | | (cm | UC cma | (Comme) |g Wir [SRD Pc pa | Var) aa pg 
Station | | 
xX. | . 
Aug. 25, | Haddock, aie : ¢ : : : | 1 14 
30 minutes} Com. gurnards, . | . 5 Pant ers : A ol eck Bl : F : : 4 
Dragonets, . : | , eee) SP ean WMP tate eg eet PPh irae Dip a” | 5 
Cuckoo ray, ‘ i : : : 1 | | 1 
Lemon soles, = |) ayes |e rpalh eee 2 | 3 
Common dabs, . 3 5 | 8 | 
| | | 22 | 
| | | ee] | 
1899, al | 
Jan. 16. | Brassie, 6 | 6] 15 | 13 ‘ ; ee | 40 | a 
30 minutes| Poor cod, : iL) es Wes VN ET ALG Bile esc a : : : ates A j : : 271 
Hake eo eel Po ee Ee a SL Bills Sai Be aes ee 13 || 8 
Argentines, ay | SEA Syd eee Peaks hel 5 da 
Liparis vulgaris, | . ila ome aed | | 1 a 
Liparisinontagui; 2) 3] . . 3 : é Pill ee a 5 
Haddock, . sale ; x J abeltdad ‘ eel te 1 
Whitings, 0] ws (| Ne eh Vee OS, Bes Sh Te eos eae 14 | 
Gobius sp. ? ; ‘Wid Pes : 5 : : : eel ieeice Naas : : : , ; : : Q Prk 1 
Dragonet, . ; A 1 5 , ; : ; : oe oe . : et a a 
horn-backeskate;’ 1° | 2-3 lee ee ee) EN a ees eae 1] 
Witehssoles~ 5 sak = |) S| fre oh | coe Waele Soe ine Ne ICAI pC aya erie aet Zale eee 9 


Long rough dabs, Wee 1 1 


ns 
g 


Station 
XII. “ 
Aug. 80. | Cod, . ‘ Oy a | 
30 minutes} Haddocks, . 25 a 
Whitings, . , , j Gy) 2 
Poor-cod, . Solon . (500 |L000 | 
Three - bearded 
rocklings,. sell) Sue tees] eee ede Tine oer oN ea al eae 
Herring, 2 WOLD | Pa, eh Bete eth See a Gl Sea cee 1 le, ee ie es 
Witch sole, ae eee ee ee ed ee ee ee | 


Longroughdabs, | . Be AS mae ear meuoiets Oa Neem lel allege Plt Marsico lh ta Gl 


| 
1899, | | 
Jan. 20. | Brassie, . les OWE. Be F . 5 a Mad 5 ; é al Neg 
30 minutes} Poor-cod, . POs es Sle igi | me Gguions Saree : j Ral ert vale 
Argentines: |<) \e Delo creel etal oe eel ame elena | cr alas 
Gobvig spi? Oe Niro uleee | ean eee he eas | else a Pali fes 3) 


Ling, . é Baller Ha eo foo NRE a oe het ae atc : : : : : at 
Three - bearded | | | | 
rockling, . : : : Daal 1 
Witch soles, 2 ’ Lees : 
Long toughidabse|) sei duno) 200s a etss| 


a One atlinch, 6 Eight hundred and sixteen at 34 inches. c Oneat 2h inches. d linch. e 35 inches. 
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TABLE C.—RecorD oF OBSERVATIONS MADE ON BOARD THE ‘ GARLAND’ DURING 1898. 


A. FISH CAUGHT (Shrimp Trawl)—V. Firru oF CLyDE—continued. 
(2) Cross Srorron—SanpdA TO BENNAN H#&AD. 


station, | Station, S1zb IN INCHES. 
Date, and 
| Time Kind of Fish. i a oa nea aie l Sper i, inn ewovale 
| Trawl 2 3 4 5 6 7 8 | 9 | LO> We Moe ase else tise ee | | USO 20k e265 
| down. Ben awamlesigeiietatiects Nh ts [oath | tielt lel el els Sea aes |) Sr 
Station | | | 
| U | | | | | | 
\ { | | | 
rime Codhr | Bly d | Pel Va | | | A 
Pec apne BO UASSIC CMe MER leer ul nwa| cO 72S 20 20 Se) So eA es MS cl oer a iO I ee the 80 
to Whiting, . wales Sr aliaaseele 42 ; plas Pea ees TOs ll ee, : ioe gees ‘ : ; eg. 1 
t-po pam. | Com.eurnards,. | . | -. |. F : PA UGH Saale. leno meal ae oi : ; ; 5a 92 
Thornback skate, : ; j 3 : : Cees : bal) \ ; ; : : : ; : : 1 
Raia maculata, ‘ : : : : : ; é ; , ie Dale. : : : Ta : 3 
Lemon soles, .| . Ore Av Dales, Lu liee. Peale ; Paves ; : : 5 : , banyan 30a 
Zeugopterus | | 
punctatus, pl iea De xs ely xe EA Hl eel lietectenl lt: wierd lc est ete tecatie hoo: te eee at oem ant eRe calla Pel re 1 
| | | —_—_—s 
| | | | 212 
1899. | | | | ——— 
Jan. 19, | Cod, a tale : 105 ee | 1 
30 minutes} Brassie,  . i eereatieoou aes Oe | Ol lee dhe ives a |e ercenn ae Pall Petals ; : ; ; ‘ : ; 99 
Poor-cod, . +3|[Pe Dial eect Paw e : F dea “i lee ers 5 ; : 5 , : , : 27 
Herring. Bite nal ; b 3 | 1 
Red gurnard, : ; ; av eee F : : 1 é 1 
CommeUrnardseaii seer ts | te tae. heh 22h lee Bel rd 2 : 12 
Dragonet, 1 : A 1 
ie LEI SOMES OSMUGIIOAID Nias | ect Tesla ke df Peal aul cara | (earl (a a : 1 
LOGTOOT: SOME at ae fae a ir Mee eae ter ae ac ty Mtl A lead CR Ron Vi hr ee a a 1 
Moucreoue mdal esl iameelianinl| Wau eupleme nice la ieee telat | Bool, cieaMts alec | ae le alhey. | 1 
eau | 145 
Station | — 
Il. | 
Sepumieimmaddock te i Tal Ile Sobel 1 | 6 
3-17 pom. || Brassie, — . pasta hiss : ; 2 aes | ; 2 
to Whiting ll tin | |e | 86 Ls Seite ; 58 
8-50 p.m. | Hake, . : LPI hvac bane dell bor ve leeoeviiee 1 . een ; ne ocetlllnes . eis re 1 
Poor-cod, . . 800 | . |168) . : ; 5 , : : poctianos : ; ; : ‘ : ; ; 968 
| Oly 5 Stee) gals th Sol es PES RR a a er Fac aa A | 2 
Argentines, Shines By Da] Ak | | | 2 
Gobius sp. ? HEA BSR an Wee HRs al a Scale I et a | 2 
Com. gurnards,. | . Be iii : aH ats al aes Sie : : 3 | 8 
| Dragonets, . a eX Se Fe PAR hes 3 : ; : 6 ce Sleee : : ° ; : : Senior 82 
NCIS LAO WING cal lh I eae een st all GRSe ral ia eee el [eee Fea ce ee ga | 1b 
SEN SELOTEE ry  oE IE ag Ama ML Sei fa Le einen eT | alot dhe Ve |p 1 
GRTNGNT GOMES GN) a Se Soe Nas Ut (eke a oR Nee Var ie Lace a Ca la (een en 1 
OMe ALOU ide Osea iam meen eee, (Riehl fea ac lesley |) weet y OMe AL os a Mees sgt all 8 
SONAR FSG AN PLAN ges 1 ll teh a et a es ae PP ee Tee ame 0 ar Geb Len 3 
| 1152 
| | qa 
1899. | 
EB UY) NUTINI era EM SA Se Lt Oa cit re MW Uc Pe Lc 3 
30 minutes} Poor-cod, . aside 5 LBA el LST cea well a pee ; : seins : 3 : 3 
Brassie, . lead Se eed fauna ; ; ; 3 : ‘ om heer ; : ; ; ; : : 2 36 | 
Com. gurnard, i Foire GHiaeSr voor) oat es Mp \leteaehlirtant lipace |e pet ae all ake ae Salas 22 
Dragonets, . : . 2 ‘ : 5 . 3 0 : : nollie 6 : a 5 . 5 : - 2 
COR OTES OCC Me ill ean ser ee Hemme aL Opa Malan ae es eels oT I Le de ee Me ee ae 1 
Commonidabys a Se | 2. |. RG RAR Sete? ice “lh a Selene aeMiae dt ite rill, cat i ces ol ees || amet alter tel Rie 1 
Station 68 
IV. EE 
Septa i. | Winitings))- 4. |. Sues snle eas he Sl 1 At aie gee ie Puneet Pm ete CMR Mee ED 32 
10 45 a.m.; Com. gurnard, .| , ; ; , , elses , ol tas) E . : ; A é : ’ Silas 1 
to THe HTRM 5A) ed ian MOR ane hae cea le Reape lumii tee ed eke ste Of i atest ea ea aa Re 3 
TPAD ESN VASO OS. ee) STIRS Taito EO | eae Pe Deas |r at ems et Goa ee eed RAL eer ee 2 
Dragonets, . Palle (BAe a5 ce Ra COI ea te | i | 1 a aA sat eee bs ec Hh gps ella 40 
EOC COM mmm ECR SOON Meat le Rialyen |e (hoffe se oe Std eat liapere ag ly bn Vga aleestalnecel “Ih cos diieet lee 298 
Gobius minutus, | . | 38) . : ’ ct Bee : ; ae (sew lesa eh ali . : Sie ae ea 33 
Goviisrspey aman ee ave: ig sees es : hie rex | if 
TELE EXEL S USGI |S 5 1S ES ame eg Ree Fn a VR We fe a a 7 
Sail fluke, . cf on Saha tl ge RS asa it es ee] AGES ret | a Pi Oa lL Ne | 1 
NVC HCOle mE Nees io oN tb | alee | eh. eg | ake lig sal 
ke oe sil es) betes |e 
Hone eg eM Ca yey LZ le eGuje SP te Bl | ea Wee IS ea he lew deen dg fos doe 26 
| | | | 421 
: q Four at 23 inches, b 28 inches, 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING. 1898. 


Station, 
Date, and 
Time 
Trawl 
down. 


1899. 
Jan. 17. 


30 minutes 


Station 
We 


Sept. 7. 


30 minutes 


1899. 
Jan. 17. 


30 minutes 


A. FISH CAUGHT (Shrimp Trawl)—V. FirtTH oF CrypE—continued. 


Kind of Fish. 


Whitings, 
Brassie, 
Poor-cod, , 
Argentine, , 
Dragonets, . 
Conger eel, 
‘Three- bearded 
rocklings, 
Gobius sp. ? 
Plaice, : : 
Long rough dabs. 
Arnoglossus 
laterna, 


Cod 


ae 
| Whitings, 


Com. gurnards, . 
Poor-cod, 
Argentines, 
Angler, , é 
Ling, 
Dragonets, . 
Gobius sp., 
Herring, 

Sail fluke, . 
Lemon soles, 
Common dabs, 


Brassie, 
Poor-cod, 

Com. gurnard, 
Dragonets, . 
Witch soles, 
Long rough dabs, 
Common dabs, 


Station 
VI. 
Cod, . 
Sept. 1. | Haddock, 
12-35 p.m.) Poor-cod, . 
to Liparis vulgaris, 
1-15 p.m. | Pogge, : 
1899. 
Jan. 24. | Brassie, 
30 minutes) Poor-cod, 
| Hake, . 
Station 
Waar 
Sept. 1. | Cod, 
10-15 a.m.| Brassie, 
to Poor-cod, 
10-45 a.m.) Com. gurnard, 
Liparis vulgaris, 
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CoRSEWALL TO MULL 


a Two hundred and eight about 2} inches. b Fouratlinch. ¢ 3} inches. d Seven at 3} inches, ¢2} inches, 
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TABLE C.—Revorp oF OBSERVATIONS MADE ON BoarRD THE ‘GARLAND’ DURING 1898, 


Stafion, 
Date, and 
Time Kind of Fish. 
Trawl 2 3 
down, aaa ge 
1899. 
Jan. 24. | Brassie, sol Ge Well 
30 minutes) Poor-cod, . cay|| icc 5 
Com. gurnard, . 1 
Three-bearded 
rockling, 5 5 
Liparis vulgaris,| 21!) . 
Liparismontagui| . é 
Rockling sp. ? 3 
Cuckoo ray, aa é 
Zeugopterus sp. ?| . 1 


Station 
VIII. 


Sept. 6. 
11-5 a.m. 
to 
11-35 a.m. 


1899. 
Jan. 25. 
30 minutes 


| 12-45 p.m. 


| 
| 


A. FISH CAUGHT (Shrimp Trawl)—V. Firtu or CLypE—continued. 


Cod, 
Poor-cod, 
Three-bearded 
rockling, . 
Angler Z 4 
Dragonet, . 9 {loa 
Lumpenus lam- 
petriformis, . 2 
Gobius minutus, . 2 
Lemon sole, eliic 1 
Witch soles, 
Sail fluke, . : i 
Long rough dabs,| . 1 
Zeugopterus 
punctatus, . il 
Sprats, : 


Whitings, 
Brassie, ‘ : ‘ 
Poor-cod, . i ‘ 3 
Conger, 
Argentine, . 
Herring, 
Three- bearded 
rockling, . 
Witch soles, 
Long rough dabs, 5 
Zeugopterus sp.? |. 1 


Hake, 
Whitings, . 5 : 
Poor-cod, . é i 
Com, gurnards, . 
Three-bearded 
rockling, . 

Witch soles, : 
Long rough dabs,| 1 
Thornback skate, 
Grey skate. 


Gea enO 


17 


19 


SIZE IN INCHES. 


6 7 8 9) 10 
+/+] +) +] + 
i 


Total. 
11 15 


+ 


12 


| 


13 19 


+ | 


20 
+ 


(4) PLADDA TO TURNBERRY POINT. 


42 


=jee 


a@ 13 inches. 


it OM 
Coen batal ko ie. 
; rie eee 
OM tales alte: 
Wa ae) 
i . 
1 
SALE 
1 
Ce one ee (ae 
Paty t 4 
1 
1 ras 
1 


204 


lon) 
fen? 


6 30 and 40 inches, 


c One at 23 inches. 


60 


TABLE C.—Recorp oF OBSERVATIONS MADE ON BoarbD THE ‘GARLAND’ DURING 1898. 


A. FISH CAUGHT (Shrimp Trawl)—V. Firru or CirypE—continued. 


Part [11.—Seventeenth Annual Report 


Station, 
Date, and 
Time 
Trawl 
down. 


1899. 
Jan. 25. 
30 minutes 


Station 
x. 


Sept. 6. 
1-10 p.m. 
to 
4-45 p.m. 


1899. 
Jan. 26. 
30 minutes 


Kind of Fish. 


Whiting, 
Brassie , 
Poor-cod, 
Hake, ; 
Com. gurnards, , 
Argentine, 
Dragonet, . 
Gobius minutus, . 
Gobius sp., ; 
Three - bearded 
rockling, . 
Witch soles, 
Long rough dabs, 
Common dabs, 


Cod, ; 
Haddocks, . 
Whitings, . 
Brassie, 

Hake, . 
Poor-cod, 
Gurnards, . 
Argentines, 
Dragonets, . 
Gobtus minutus, 
Liparis vulgaris, 
Liparismontagui 
Thornback skate, 


Hake, 

Brassie, 

Poor cod, 
Dragonet, . 
Com. gurnards, . 
Witch soles, 
Common dabs, 
Long rough dabs, 
Zeugopterus sp. ? 


2 | 3 
+| +4 
me ihats 
Mlle 
eet 
aa a 
rae 

4 
Tle wre 

2 

3 
ala 
1 | 23 

he 

e\ 
3/16 
Baling 
pala 


54 


. Ler 
et GO 


6) 7a SSM Om NOL lee 
+ ot] +p to +) +) 4+) 44+ 
1 Pita 
; 7 
: 1 
1 1 ‘ 
alet : 
Naa ollou | 
Belton aat 
ied ake | 
3 ele 
1 ae ee 
her a 
SNe a he Oe lh cal a al egal ay 
e . | 
oS Piet Te | 
Si Dea boat Mee 
1 Papa 
Tees i 


21 


S1zE IN INCHES. 


Total. 
17 | 18>) 19h) 202: 
+/+/+]+4]4+ 

: 1 

: : 23 

34 

i J 

a 2 

5 it 

4 1 

is ieee 

; 4 

1 

i) 

35 

if! 


| 


cS iy) 
ilo) HOw Wwe ewe 


a Two hundred about 23 inches. 
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TABLE B.—REcorD oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1898. 


B. PHYSICAL OBSERVATIONS—I. Moray Firru. 


Temperature, | 
S é 
Station Re ies i : Wind. o 
Date,and| @ | Air. Water. Weather. Sea. Tide. es a 
. os] 
Hour. oa a8 
° | abe 
‘S ‘ Depth) ,; | aS 
=| Dry | Sur- | Bot- : Direc . | poe} 
5} in . Force. | Gy 
Bulb. | face. | tom. faths,| #0. 
ee ee ee Tarra ee ae SS | 
Station I. 
1898. 
May 24. 

8.55 p.m. | W. | 49°28 | 49°6 | 49:2 7 K. 2 | Haze & Fog) E. swell. | 1h. ebb. | 29°95] 6 
6.5 p.m. | E. | 49°10! 49:0 | 48-9 8} E. 3 i ng 3h.10m.eb.] 4, 65 
June 7, | | | fay 
8.25 am.| E. | 554 | 50°6 | 49°8 8 We 3 Cloudy. Moderate.) 1 h. ebb. | 29°88 8 

10.30 a.m. | W. | 58°10} 51°5 | 49°5 53 | N.N.W. 1 | Clear. | Slight. 35.3 29°90 | Bot'm 
Oct. 11. 

12.8 p.m. | W. | 63°42 | 54:1 | 54°0 74 | N.E. 1 | Cloudy. Smooth. | 32h. ebb.| 30°1 6 
2.10 p.m. | E. | 53°60 | 54:0 | 54°0 8: | N.E. 1 af 7 52 ,, 30° “52 

Station IT. 

May 24. 

12.35 p.m. | W. | 51-44} 50°8 | 46°9 124 E. 1 | Hazy. H. swell. | 44h. f. | 29°95] 7 
2.45p.m.| E. | 51°62} 50°9 | 48-1 12 E. 1 a a +h. ebb. a5 i) 
June 7. ; 

11.15a.m.| E. | 59°00) 50°9 | 47°0 | 18} | N.E. | Light) Clear. Slight | 32h. ebb.| 29°90| 7 

8.E. swell. 

1.10 p.m. | W. | 60°44 | 50:2 | 47°6 14 | N.N.E. 55 ee 5 Oe! Ts 29°92), 14 

Oct. 10. 

9.25a.m.| W. | 51.62 | 54°0 | 53°8 13 N.W. 1 | Overcast. | Smooth. ih. ebb. | 80°09 | 5 
11.15 a.m.| E. | 54°68 | 540 | 53°9 18 N.E. 1 | Fine. 9 Dar ts, 30°10] 64 
Station ITI, 

May 26. 

9.45a.m.| E. | 50°90 | 50°9, | 49-9 83 N. 4 | Cloudy. Choppy. th. fl. | 29°85| 22 

11.55 a.m. | W. | 50°00] 51:1 | 51:0 a ING 2 #4 ae 2dh. dm. fi.| 29°84] 38 
June 6, 

2.10 p.m.| W. | 56°48! 50°3 | 49°5 12 | E.S.E 4 | Cloudy. Moderate.| 1h, ebb. | 29°70} 3 
3.23 p.m. | E.. | 58°10] 50:2 | 49-0 132 EK. Sq’y re Choppy. | 23 ,, 34 
Oct: 12. 
1.45 p.m. | W. | 53°42 | 54°0 | 54°2 8 E.N.E 1 | Cloudy. Smooth. | 4h. ebb. | 30°05] 5 
2.48 p.m.) E 54°68 | 54°0 | 54°4 9 | E.N.E. 1 | Overcast. +5 BP es 30°03 | 42 
Station IV. 
May 25. 
1.0 p.m. | E, | 48°38! 48-9 | 48°8 12 N.E. | 3 | Cloudy, _ N.E. 4th. fl. | 29°88} 5 
with pass-;} Swell. 
ing sh’w’rs 

3.5 p.m. | W. | 49°64 | 50°3 | 49:1 9 | E.N.E. 4 0 ag ares 5 5h 

June 14, 
150 p.m.| E. | 58°82) 53°3 | 49°3 11 KE. 1 Clear. Slight 5x hh. ebb.} 30°32] 9 
E. swell, 
3.45 p.m. | W. | 56°48 | 54:9 | 51:0 8t E. 2 As S IES doy, ail 30°28 | Bot’'m| 
y 
Oct. 13. 
10.35 a.m. Ss 52:70) | 53:5) 54:1 104 | E.S.E 3 Fine. E. swell. |Highwater| 29:99 | 7 
12.25 p.m. | N. | 52°88 | 53°8 | 54-2 123 | E.S.E 3 | Overcast, | Moderate.) 2 h. ebb. A 8 


ig 
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TABLE B.—RegEcorD OF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1898. 


B. PHYSICAL OBSERVATIONS.—!I. Moray Firtu—continued. 


ee - e = = 
| | | 


i 9, Temperature. 
E Wind 5 
Station, is a Mae. | B 
| Date,and| % | Al. Water. Weather. Sea. Tide. Ss Ed 
Hour. 43 E- aa BE 
ie ac 
= : Depth! ,, s+ 
S Dry | Sur- | Bot- eae Direc- | eis 
= in A Force. ey 
Bulb. | face. | tom. catia tion. | 
| Station V. 
1898. 
May 25. 
9.10a.m. | E, | 47'66)| 48°35 | 48:0 19} | N.E. 4 |Cloudy,with|N.E.swell.} 3h. fl 29°88 | 5 
| | passing 
showers. 
11.10a.m. | W. | 48:56] 50°71 | 48:1 | 12 | NE. Cee ee i ee wate 
| June 14, | 
10.20 a.m. | S,W. | 56°30 | 53°8 | 49°5 123 Ss. Light.| Clear. Slight | 2h. ebb. | 30°32} 10 
| E. swell. 
12.20 a.m. | N.E. | 56°12 | 53°6 | 48-0 | 21 | S.E. 1 x Reagan bast joule | 
Oct. 13. 
12.45 p.m. | N.E. | 52°52 | 53°5 | 54:0 15 | E.S.E 3 | Cloudy. Moderate. |2h.20m.eb.; 29°99 | 8 
2.30 p.m. | S.W. | 53°60 | 53°4 | 54°2 | 18 S.E. 3 Pa Moderate | 43 h. ebb. | 29°97 | 83 
E. swell. 
Station VI. 
May 25. 
3.55 p.m. | W. | 49°64] 50°3 | 50:0 6 | E.N-E. 4 | Cloudy. N.E. swell.| 1h. ebb. | 29°88| 5 
5.10 p.m. E. | 48:20} 49:1 | 47°2 163 N. me an 2h.10m.eb.' 29°86] 6 
June 14. 
$.0 a.m. | W. | 50°36] 52°9 | 50°8 6 Ss. Light.| Cloudy. Slight. 52h. fl. | 30°34) 6 
9.55a.m.| E. | 56°30] 52°5 | 48-1 163 S. és * Slight | 14h. ebb.| 30°32 | 104 
: E. swell. 
Nov. 19. 
10.10 a.m.| S. | 50°54] 49-4 Fine, haze. | Smooth. 


4 

TM 
ee 
os 
bob 


5 40 m. fl. | 30:20} 34 
11,55a.m.| E, | 51°80| 49°5 | 50- 6 


Fine. ‘ Igh. fl. | 30°21 
Station 
VII, 
May 27. | 
9.50a.m. | W. | 47°84] 47°S | 46°0 254 N.N.W.| 2 | Cloudy. N.E. swell.| 53 h. ebb.) 29°91 | 72 | 
47°5 | 123 
11.55 a.m. B. 50:0" | 47-7 || 46:0 |, “33 N. 2 Rain. 35 13h. fl. | 29°92) 72 
46:0 | 16 
June 15. | | 
8.50 a.m. | W. | 54°86) 54:0 | 47-2 255 | Calm. BS akvae Slight | 53h. fl. | 30°26) 9 
48-8 | 192 E. swell. | 
10.52 a.m. | E. | 56°84) 53°7 | 47-0 3 Calm. a 39 E. swell. | 12h. e san | lee 
47°38 | 163 
Nov. 18. | | | 
1.25 p.m. | E. | 51°26) 49:7 | 51-0 30 S. W. 5 | Fine. Moderate.) 43h. fl 30714} 6 | 
2.40p.m. | W. | 53:42] 49°8 | 50°9 | 27 S.W. 4 Ks a ee | SE) > 5 
Station 
May 27. | 
1.40p.m. | N. | 48°20] 47°8 | 46°0 | 34 |N.N.W.| 1 | Cloudy. N.E. swell.| 33 h. fl 29°92 | 6% 
3.55 p.m. | S. | 48°38] 48°0 | 46-0 363 WW 1 | Rain. = bas re 5 
46°3 | 182 
June 15. 
1.40 p.m.| N. | 56°84] 53°5 | 47:0 | 3 S.E. |Light.||, Hazy. BE. swell. | 43 h. ebb.| 30°26 | 122 
48°0 163 
4.0 p.m.| S. |57°02| 52-9 | 47-0 | 304 |$.5E | 2 | Cloudy. g vin. | | as 
479 | 152 
Nov. 18. 
10.20 a.m. | N. | 50°18} 51°0 | 51°0 32 S.S.W. 3 | Fine. Moderate. |1h. 10m, fl.| 80719} 9 
0.15 p.m.| S. | 53°60| 51:0 | 51:0 | 35 | S.W. 3 ‘. : BE 5, 30°16 | 9 


of the Fishery Board for Scotland. 


TABLE B.—ReEcorpD or OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1898. 


Station, 
Date, and 
Hour. 


| End of Station. 


Station IX, 
1898. 
May 28. 
1.00 a.m. S 
12200 asm: | N. 

June 16. 
11.10 a.m. S 


1.30p.m.| N. 


Nov. 18. 
7.0 a.m. 
8.55 a.m. 


cA 


Station X. 


May 28. 


6.25 a.m. | N.W. 


8.25 a.m. | S.E. 


June 16, 


8.0 a.m. |S.W. 


10.0 a.m, | N.E. 


Nov. 17. 
10.40 a.m. | S.E. 
2.20 p.m. | N.W. 


Station XI. 


May 19. 

5.10 a.m, 
7.30 a.m. 
7.30 a.m. 


June 9, 
4.25 p.m. 
6.55 p.m. 


4 


Station 


May 18. 
4,20 p.m. 


nm 


6.30 p.m. 


June 10. 
5.40 a.m, 


6.0 a.m. 


Station 
>A 001 


May 19. 
1.55 p.m. 


a 


4.10 p.m. 


June 9. 
10.55 a.m. 
1.15 p.m. 


Temperature. 
Air. Water. 
Bulb, | face. | tom. faths. 
49°64 | 47°8 | 46-0 | 36 
47°3 | 18 
51:08 | 48-0 | 46-0 | 302 
59°18 | 53:2 | 47°5 | 373 
47°9 | 182 
60°44 | 54°8 | 47:3 | 3 
48:0 | 153 
51-44 | 51°0 | 51-0 | 28 
48°74 | 48°4 | 46:0 | 42 
50°00 | 48°8 | 460 | 19 
487 3 
51:44 | 52°4 | 47°8 | 24 
48:9 | 12 
58°46 | 533 | 47-1 | 36 
48:0 | 18 
52°52 | 49°S | 50°2 19 
52534) 50:9 | 51-0 | 37 
44°96 | 47°2 | 46-1 | 23 
46°0 | 113 
48-92 | 47°3 | 46-0 | 282 
46-1 | 142 
55:04] 50°0 | 48:9 | 23 
56°66 | 51°0 | 47-8 | 322 
48°0 | 164 
55-22 | 48°38 | 46-1 | 222 
55°04 | 48°5 | 46-2 | 25 
49°46] 49°5 | 48-4 | 234 
48-6 | 112 
50°72 | 50°2 | 48:3 | 254 
48:4 | 124 
49°82| 47-9 | 46-1 | 27 
46-4 | 18 
50°90 | 47°9 | 46-1 | 30 
51:80 | 48-7 | 48-2 | 28 
52°70 | 49°6 | 48-0 | 30 
48-2 | 15 


Wind 
Direc- |. 
Hon Force. 
W.N.W. 5 
N.N.W 3 
S. Light. 
E.S.E. 1 
S.S.E. 2 
S.S. W. 3 
N.N.W. 2 
oe) 3 
E.N.E. |Light. 
Calm. 
W. 2 
W.S. W 2 
So. 2 
S.S.H 2 
N.E 1 
9 2 
S.S.E 1 
S.H. 1 
N.E 1 
” 1 
S.E. 2 
9 2 
NE by. 1 
E. 2 


B. PHYSICAL OBSERVATIONS—I. Moray Firru—continued. 


Weather. 


Cloudy. 


be) 


Slight haze. 


Clear. 


Cloudy. 
Fine. 


Cloudy, 
passing 


Sea. 


Moderate. 

Slight. 
Slight 

KE. swell. 


Slight. 
Moderate. 


N.E. swell. 


showers. 
Cloudy. 


Overcast. 


Slight haze. 


Fine. 
Cloudy. 


” 


Slight. 


Tide. 


5h. ebb. 
‘Lis fe 


4h. ebb. 
Near low | 
water. 


h. 


Lh. ebb. 
3h.20m.eb. 


Near low 
water. 
2+h.10m. fl. 


53h. fl. 
23h. ebb. 


33h. ebb. 
52h.5m.eb. 


2h. fl. 
4 


Le) 


63 


Transparency. 
Fathoms, 


10 


lu 
11 


“1 0 
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TABLE B.—RecorpD oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1898. 


B. PHYSICAL OBSERVATIONS.—I. Moray Firtru—continued. 


: Temperature. 
8 Wind 5 
Station, | & : é -o-| 8 
Date, and | g% | Al. Water, Weather. Sea. Tide. eae RG 
Hour. oe eter.) S 5 
0 <a eee are ea eee ho ou ee] 
1S ; Depth] ,. Zire 
= Dry | Sur- | Bot- 2 Direc- Hs 
gq in : Force anon 
Bulb. | face. | tom. Aa eL tion 
Station 
XIV. 
1898. 
May 20. 
6.27a.m.| N. | 48°92 | 47-4 | 46:3 29 E. 2 | Slight haze.|S E. swell.| 1h. fi. 30°25| 8 
46°7 18 
8.30 a.m. S. | 49°64] 48:0 | 46:0 403 | E.N.E. 2) | Clear Pe Bo of 10 
45°9 202 ; 
June 9. 
6.85 a.m. | N. | 54:50 | 48°4 | 4871 30 N.E. 1 | Haze. Slight. 33 h. ebb. | 30°22 | 73 
48:2 15 
9.10a.m.}| S. | 56°84} 50°0 | 48:0 | 422 | E.S.E. |Light.| Hazy. FA Near low | 30°27| 8 
48-0 212 water. 
Station XV. 
May 19. { 
9.20a.m. | N. | 49°64] 47:7 | 46°0 34 S.S.E. a Olea i 4ih. fl. | 30°31] 9 
11.0 45-9 17 
11.30 a.m. S. | 50°54] 47°6 | 46-0 27 - 3 a x 15 heb b-iees 7 
46:0 134 
June 10. 
11.35 a.m. S. | 50:00! 50°71 | 48°5 26 N.E. 2 | Fog. Rs 30°30 | 83 
48°5 13 
2.0 p:m. N. | 50°90} 50°5 | 47°6 37% | E.N.E. 2 | Hazy. . 30°31 | 103 
' } 
Station 
XVI. 
May 18. 
9.45 a.m. So 492871472) | 45-9 4134 |W. byN. 1 | Clear. - 54h. fl. | 30°29] 10 
46°1 214 
11.55 a.m. N. |/51°44 | 47°5 | 46:0 33 Light se 5 Calm to |1h.25m.eb.| 30°32) 9 
46°3 19 air. slight. 
June 10. 
6.55a.m. | N. | 51°44] 50° | 47°9 | 363] N.E. 1 | Hazy Slight. 56 30°30 | 7 
48:0 
9.10 a.m. S. | 51°44 | 507 | 47°3 403 | E.N.E. i § nae an de i 7 
47°5 20% 
II. ABERDEEN Bay. 
Station I. 
1898, 
April 27. 
2.42 p.m. | N.E. | 48°38 | 44:9 | 44:2 103 | S.E. 4 | Hazy. S.E. swell.| 33h. fl. | 29°84] 5 
3.53 p.m. | S.W. | 45°32 | 45:0 | 44°3 92 A 4 a3 5 Nit 4b) 3 
Station 
II. 
) 
May 3. |! 
12.40 p.m. W. | 51°44) 47-1 | 44:3 7 \S:S.W. 3 | Hazy. 5 13h. ebb.| 29°44] 22 
2.5 p.m. E. | 49°64} 46°0 | 43°9 21 S. 5 | Slight haze. - 33 h. ebb.| 29°42 | 3 
Station 
III. 
May 4. 
10.26 a.m. E. | 49°82] 44:0 | 46:0 20 Ss. 3 | Hazy. S.S.E. swl.} 42h. fl. | 29°46) 13 
12.19 p.m. W. | 48°56 | 45:0 | 44:0 7k S: 1 | Haze, with z + hy ebb: |) 4, 2 
| | | showers. | 
| | : | 


J 
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TABLE B.—ReEcorpD oF OBSERVATIONS MADE ON BoarD THE 


B. PHYSICAL OBSERVATIONS.—II. ABERDEEN BAy—continued. 


Station, 
Date, and 
Hour, 


Station 
IV. 
1898. 
May 4. 
1.20 p.m. 


3.3 p.m. 
Station 
V. 


May 56. 
11.38 a.m. 


1.30 p.m. 


Station 
VI. 


Station 
VII. 


May 95. 
3.52 p.m. 
5.40 p.m. 
Station I. 
Night trawl. 
May 5. 
9,30 p.m. 


11.57 p.m. 


za 


Station I, 
1898. 
August 25, 
8.3 a.m. 
9.55 a.m. 
Dec. 15. 


1.35 p.m. 
3.40 p.m. 


Station IT, 


August 24. 
3.15 p.m. 


4.45 p.m. 


Dec. 9. 
9°5) a.m. 


10.51 a.m. 


End of Station. 


mB 


ny 
am 


FA 


N.W. 
S.E. 


Zw 


Bs 


ie 


Temperature. 
Air. Water. 
Dry | Sur- | Bot- 
Bulb. | face. | tom. 
48°92 | 25°4 | 44°5 
49°46 | 46°0 | 44:5 
51°98 | 44:9 | 45-0 
50°90 | 44°5 | 44°7 
48°02 | 44:7 | 44:5 
50°18 | 44:8 | 44-7 
50°36 | 44°8 | 44°5 
53°06 | 44°6 | 44:3 
48°56 |£46°3. | 44:0 
45.2 
48°56 | 46°5 | 44:0 
44°0 
57°56 | 58:1 | 54°8 
55°9 
60°08 | 58°1 | 55°7 
48°56 | 49°0 | 50°6 
48°20 | 50°0 } 49°8 
59°54 | 58:1 | 55°9 
58°6 
59°90 | 58°2 | 53:9 
58°0 
48°20} 50°71 } 50:0 
47°12 | 50°1 | 50°4 


Wind. 
Weather. 
Depth ae 
in Pee Force. 
faths. : 
8i S. 2 | Haze. 
103 S. 2 | Hazy. 
10 |W.N.W.| 5 | Cloudy. 
12 N.W. 3 | Rain. 
17 S.S.W. 3. | Showery. 
14 N.W. 3 
20 N.W. 3 ” 
32. | N.N.W. 5 | Cloudy. 
421 | N, 1 > 
212 
52 N.W. 2 nn 
36 | 
III. Firru oF Ciypr. 
24 S: 2 | Cloudy. 
12 
a S. 2 | Fine. 
18 N.W. 3 | Cloudy. 
19 i r 
19 N.W. 2 a 
9 
20 |N.N.W. 1 ” 
10 
17 Wis 7 Overcast, 
with heavy 
snow @& hail. 
25 W. 7 |Squally. with 
> heavy hail 


showers. 


Sea. 


Moderate. 
S.E. swell. 


” 


Slight 
swell. 
Slight 


N.E. swell. 


Slight. 


19 


39 
Smooth. 


S.W.swell.| 13 h. ebb. 


Choppy. 
S.W.swell. 


Tide. Baro- 


| 
| 
| 
| 
| 
| 
| 


13 h. ebb.| 29°46 


BE 29747 
53h. fl. | 29°60 
Ith: ebb.|  ,, 


22 h. ebb.| 29°61 
44 ,, | 29-62 


29°62 
29°66 


4h.22m.eb. 
Near high 
water. 


34h. fl. | 29-72 


5kh.7m.fl.| 29°74 


32 h. ebb. | 30-18 
30°17 


By oy 


Lh. 5m. eb.| 30°15 
3h.10m.eb.| 30°16 


52h. fi. | 80-19 
Zh ebb.| 30-29 

29°44 
32 |, ‘| 29-44 


meter, 


65 


Transparency. 
Fathoms. 


23 


oe 


>) 
bol 
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TABLE B.—REcoRD OF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1898. 


B. PHYSICAL OBSERVATIONS--III. Firrra or CirypE—continued. 


¢ Temperature. | 
E ; Ss 
Station, 3 | em Wind. Bie aS 
Date,and| 7 Air Water. Weather. Sea, | Tide: “| ene 
Hour = | BE 
: S| 2's 
EE Dry | Sur- | Bot- Pee Direc- aree Ze 
| Bulb. | face. | tom. faths. | tion. | | 
Station 
| 
1898. 
August 24. 
12.45 p.m. | N. | 60°44) 57:2 | 55°0 26 | N.W. 2 | Cloudy. Slight. | 24 h. fi. 30°18} 8 
bare. | 18) : 
2.35p.m.| S. | 60°80] 57°38 | 53:7 | 29 ¥ 2 | : - art 30°19) 8 
55S | 142 | 
Dec. § | 
12.15 p.m.! N. | 42°98] 5071 | 51:0 | 20 S. | 3 ! Overeast. ae 53h. ebb.! 29°94! 5 
50°6 10 
2.20 p.m. | S.W. | 44°24] 50°0 | 50°9 | 37 = 4 oF Moderate.| 13 h. fl. | 29°93] 5 
50°38 | 183 
Station 
IV. 
"August 24. 
10.10a.m. | N. | 59°72} 58-2 | 54°0 | 27 N.W. 2 | Cloudy. Slight. 12h. fl. | 30°18} 7 
55°8 133 
12.2 p.m.| s. | 60-80] 58-2 | 53-4 | 29 | 2 € t. 32, |3019| 7 
56°0 | 143 
Decins: 
10.30 a.m. | N. | 41°00] 50:1 | 50°7 27 ‘|S’therly. 1 Clear. Smooth. | 33h.ebb. | 29°94] 5 
50-2 | 13} 
11.35a.m.} 8S. | 42°80} 50°71 | 50°5 293 Ss. 3 | Overcast. | Choppy. |42 ,, 29°95 5 
50-4 | 143 
Station 
We 
August 31. 
10.30a.m.]| N. | 56°84| 55-9 | 56°5 | 19 N.W. 4 | Clear. Smooth, | 5h. fi. 30°04] 5 
12.0 a.m.| W. | 58°64] 56-9 | 550 | 20 - 4 | Cloudy. Slight. + h.ebb, | 30°03) 5 
Dec: 14. 
1.45 p.m. | N. | 48:20] 49°S | 49°77 | 18 |W.N.W.} 8. |Cloudy, with} Rough. | 2h.ebb. | 29°90| 4 
rain squalls. ‘ 
2.56 p.m.| S. | 47-84] 50-0 | 49:9 | 22 % 8 Cloudy, | Choppy. |3} ,, 29°90} 3h 
squally. 
Station 
Vi. 
August 25. 
2.40 p.m. | W. | 58°10] 56°9 | 57°0 29 S. 5 Overcast. Rough. ae 30°10} 8 
4,57 p.m. | N.E. | 58-64| 56-8 | 57°0 | 21 - 6 ee cs 30°38 | 72 
Dec. 15. 
10.0 a.m.| S. | 47°84} 50°5 | 51°0 | 27 | N.W. 5 | Squally. Moderate.| 43h. fl. | 3013) 4 
50°9 133 
1.15 p.m.| N. | 48°38] 50-9 | 51:0! 20 | ,, 3 | Cloudy. |Slight. | Zh. ebb.| 3014] 33 
50°8 10 
Station 
Wilie 
Sept. 6. | 
3.9) p.m. | N.E. | 68°00 | 58°6 | 56°4 18 Ss. 3 Fine, but | Moderate | 5h. ebb. | 29°98| 73 
hazy. 
6.5 p.m. | S.W.| 61°88| 57:3 | 58°0 | 24 Pe 5 03 29°97) 5 
Night trawl 
sept. 23. 
11.40 p.m. | S.E. | 53°60 | 56:2 | 56:0 21 S.E. Ie sRine: Slight |1h. fi. 30°20 
Sept. 24. | S.E. swell. 
1.43 a.m. | N.W.| 52°88 | 56°8 | 55°5 | 929 2 Nr. 3 h, fi.| 30°20 


i) 39 


eee | | | 


of the Fishery Board for Scotland. 67 


TABLE B.—ReEcorp oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1898. 


B. PHYSICAL OBSERVATIONS—III. Firru or CrypE—continued. 


in Temperature, 

d | iG 
¥ c= , Wind. | = 
Station 3 é : Poe Dee 
Date ads Due Air. Water. Weather. | Sea. | Tide. |BaMO-| & a 
Hour. =| ew b it ze 

Zz Depth! ,. SS 
a Dry | Sur- | Bot- |~.% Direc- aie 
a in ; Force. Salle 
Bulb. | face. | tom. faths.| 1on- 
1899. 
Jan. ihe 
1.35 p.m. | S.W. | 39°38 | 47:0 | 48:0 22 | W.S.W. 2 | Snow Moderate | 3 h. fl. | 29°89] 4 
47-0 11 | showers. |S.W.swell. 
3.42 p.m. | N.E. | 39°92 | 47-6 | 47-2 20 S.E. 1 | Overcast. Slight |55,, 29°86] 4 
46°8 10 | S.W.swell. 
Night trawl. 
Jan, 24. ; | Eh | 
6.40 p.m. | S.W. | 37°76 | 46°0 | 47°4 21 S.S.E. 4 | Clear Choppy. |2h. 10m. fl.| 80°40 
46°0 103 | moonlight. 
8.45 p.m.| .. | 40°41] 46°0 | 47-1 193, | Soke 4 cs | a 4ih. fl. | 30°43 
Station | | 
VIII. | 
1898, | 
Sept. 7. | | 
12.35 p.m. | W. | 61°16 | 56°9 | 56:3 33, | S.S.W. Sy | Eazy. Moderate.) 22h. fl. | 29°96) 62 
56°9 163 
2.30 p.m.| E. | 63°14] 57°5 | 54°8 30. 55 2 | Fine, thick ‘5 Ag yy 29:95 | 7 
i haze, lac 
Nighttrawl. | times. 
Sept. 23. | 
8.35 p.m.| E. | 57°56] 57:0 | 55:2 27 S. 1 | Fine. | Slight | 32h. ebb. | 30°23 
56°2 132 S. W.swell. 
10.40 p.m.| W. | 53:96| 56-4 | 57°0 | 832 | S.E. ) mf au Near l.w. | 30°21 
Dees ay. 
8.12a.m.| W. | 47°84] 49:9 | 51°4 | 32 W. 3 | Overcast. | Westerly | 1. w. 30 AGES 
51°2 16 |g swell, 
10.25a.m.| E. | 47-12| 49:7 | 51-0 | 28 | W.S.W.| £2 | 7 ‘ 22h. fl, | 30°13] 52 
50°4 14 | 
Nighttrawl. 
1899. 
Jan. 17. | 
5.40 p.m. | N.E. | 40°64 | 47°0 | 48-2 an S.S.E. Be AK ae Slight. 1h.10m.eb.| 29°84 
46°8 | 14% | 
8.0 p.m. | S.W. | 41°00 | 47°0 | 48:1 34h S. 5 | Dull, with | Moderate.| 33 h. ebb.| 29°87 | 
47:2 | 172 rain. 
Station 
IX. 
1898. 
August 31, 
1.30 p.m. | N.E | 56°30 56°1 | 54:0 a N.W. 5 | Cloudy. a 2h. ebb.| 30:10| 7 
55'9 
3.37 p.m. | S.W. | 58°64) 56:2 | 55°2 | 28 |W.N.W.| 4 | Fine. - 4h. 7m. eb.| 30°15 | 7 
1899. 
Jan. 17. 
9.30 a.m. | N.E. | 38°12 | 46°8 | 48:0 26 N.W. 3 |Fine, pass’ng} Slight. 43 h.ebb. | 29°87] 5 
46°7 18 snow sh’wrs. 
11.40 a.m, | S.W. | 29°56 | 46°9 | 48-2 | 272 | Ww. 3 | Showery, ba 12h. fl. | 29°90] 4 
46°8 1323 snow. 
Station 
Ke 
1898. 
August 25, 
10.55 p.m. | N.E | 59°00} 58-0 | 56°6 26 s 3 | Fine. Choppy. | 2h. fl. | 30°16; 103 
575 13 
1.20 p.m. | S.W. | 58°64] 56°9 | 56°3 26 es 4 3 S.W.swell.| 32 ,, 30°15] 8 
56°5 15 
1899. 
Jan. 16. 
11.40 a.m. | S.W. | 45°14} 47-5 | 47'8 26 | W.S.W. 6 | Cloudy. Choppy. | 23 ,, 29°03 | 32 
47°3 13 
1.45 p.m. | N.E. | 44:78 | 47-2 | 47:6 27 N Welt 165) *, Rough, 4. ,, 29°02)| 3# | 


47°2 | 132 | 2 
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TABLE B.—Recorp oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1898. 


B. PHYSICAL OBSERVATIONS—IIIL. Firtrxa or CirypE—continued. 


Temperature. 
Station, | =) | 4 peer Busts 
Date,and| Air. Water. Weather. | Sea. Tide. t Same 
Hour. oe RENCE. aa 
io) | ; on A aoe 
= | Dry | Sur- | Bot- | PEP) pirec- Roe S75 
| Bulb. ee tom. | raths,| tion. RACE as 
Station 
XI. 
1898. 
Sept. 8. 
12.35 p.m. | N.E. | 62°60 | 60°0 | 55°7 23 S.W. 2 | Cloudy. Choppy. | 2h. fi. 29°94) 7 
57:0 113 
2.30 p.m. | N.W. | 62°06 | 59°4 | 53:1 32 ‘ii 1 2 wa 4s 29.9457 
1899 
Jan. 24 
8.25 a.m. | N.E. | 82°72 | 45°3 | 47-1 20 S.E. 2 | Hazy. Smooth |4 h. fl. | 30°30] 3 
46-0 10>) 
10.9 a.m. | S.W.| 86-68 | 45:0 | 47-2 384 | 1 Fine, 3 SP ae 30°35 | 3 
46°8 Wi Slight haze. 
Station 
GUL, 
1898. 
August 30. 
12.10 p.m. | W. | 58:10} 57:0 | 50°5 433 |W.N.W.| 5 | Overcast. Rough. | 14h. ebb.| 29°68} 63 
52°7 22 
2.25p.m.| E. | 56°48 | 56-1 | 50°93) 40 | W.S.W. 5 | Heavy rain.} Moderate.| 33 ,, 29°64) 6 
53°1 20 
Night trawl 
Sept. 8. 
8.0 p.m. | N.E. | 60°98 | 59°9 | 52°4 37 Calm. .. | Overcast. Smooth. | 3 h.ebb. | 29:94 
56°6 | 18% 
10.23 p.m. | S.W. | 59°00 | 59°5 | 51°38 | 45 |N.N.W.} 1 | Fine rain, fe BR 4, 29°90 
: overcast. 
1899. 
Jan. 20. 
10.15 a.m. | W. | 46:04] 46°7 | 47-0 412 | S.W. 5 | HeavyS.W.| Moderate.| 4 h. ebb.| 29°46) 5 
46°5 202 swell. 
46°5 342 an 5 | Overcast. Moderate;|Topof l.w.| 29°43 | 5 
12.25p.m.| E. | 46:04} 46°7 | 46°5 172 strong 
S.W. 
Night trawl swell 
1899. | 
Jan. 23. 
5.55 p.m.| W. | 40°28 | 46°7 | 46:3 413 | N.N.W. 4 | Clear. Moderate.| 2 h. fi. | 30°12 
461 202 
8.30 p.m. | E. | 39:02] 45°5 | 47:0 45. | N.N.E. 2 | Clear star- | Slight. Axo; 30 18 
46:4 223 light. 
Station 
XIII. 
1898. 
August 22. 
8.25 p.m. | S.W. | 60°08 | 56:0 | 51°80} 25 S’ly. ‘ Fine, with | Calm. 53h. ebb | 29°92} 54 
| 51°44) 123 haze at times 
9.43 a.m. | N.E. | 21:8 | 57-0 | 51°1 31 oe 1 | Hazy. ‘Slight. Zh.fl. | 29°88) 42 
53°0 154 
IDECHIG: 
8.25 a.m, | S.W. | 50°00 | 50°4 | 51°4 27 @)\2S.5. Wie 6 | Overcast. Slight. 34h. ebb.| 29°56} 4 
50°5 | 184. 
2.55 p.m. | N.E. | 45°32 | 50°1 | 51°3 30 S.W. 7 | Heavy rain. | Moderate.|3h. 25m. fi.| 29°41] 3 
| 50°4 | 15 
Station 
XIV. 
Sept. 22. 
6.43 a.m.| S.W. | 21°8 | 57:0 | 51°71 31 Sly. 1 | Hazy. Slight. gh. fi. | 29°88} 43 
| 53°0 153 
11.10 a.m. | N.E. | 21:8 | 56:8 | 51-4 | 242 is 2 | Fine. re our 29°85| 52h 
4-7 toe 
Dec. 6. | 
11.10 a.m. | N.E. | 51:08 ' 50°0 | 51:2 263 | S.S.W. 7 | Cloudy ; Choppy. |Lowwater.| 29°54; 34 
49°0 | 134 


heavy 
showers. | 
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B. PHYSICAL OBSERVATIONS—-III. Ciypgr (Upper Locu Fyne). 
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Transparency. 
Fathoms. 


oo 


hoje |H 


| Temperature. 
‘ 8 > a Wind 
Station, = F : ae 
Date, and = Air. Water. Weather. Sea. Tide. ee 
Hour. =e eee Ee. 
E Dry | Sur- | Bot- a epan Direc- PorGe 
Bulb. | face. | tom. ence tion 
Station 
XV. 
1898. 
August 22. 
1, Bdraem:, | 'SSwe |)21-9" | 56:0) | 49:7 324 8. 2 | Fine. Slight; | 22h. fi. 29°84 
52°0 | 163 choppy. | 
12.50 p.m. | N.E. | 22°4 | 56°2 | 48°6 40 Ss. 2 a Slight. 7 45 ss 29°82 
5171 20 | 
Dec. 6. } : 
11.45 a.m. | S.W. | 51.44 | 49°9 | 50°5 33% | S.S.W. 7 | Cloudy ; Choppy. alls dey ip 2082 
50°0 162 heavy 
showers. 
1.10 p.m. | N.E. , 51°08 | 49°5 | 50°1 82 S.W. il Cloudy; | Moderate.|2h. 10m. fi.| 29°51 
heavy pass- 
ing showers. 
Station 
XVI. 
August 23. 
11.25 a.m. | N.E. | 61°16 | 56°2 | 47:0 60 | W.N.W. 2 | Fine. Smooth. | 2¢h. fl. | 29°96 
49°8 30 
2.5 p.m. | s.W. 63°14 | 55°6 | 47°2 65 35 2 _ Slight. Dae as 30°01 
49°8 324 
IDEXCS ho 
11.0 a.m. E. | 48°70 | 47°8 | 48°5 62) | W.S3 Wie 7 |Cloudy;pass-| Choppy. | 53 h. ebb. | 29°44 
50°4 31 ing hail and 
snow show’rs 
1.385 p.m. | W. | 44°60} 48°8 | 48-1 69 S.W. 7 +| Heavy rain. 3 2h. 5m. fl.) 29°42 
50°7 Bpes 
Station 
XVII. 
August 238, 
8.30 a.m. | N.E. | 57°56 | 57-1 | 52:0 15 S. 1 | Fine. Smooth. | 54h. ebb.}| 29°93 
10.5 a.m. | S.W. | 58°28 | 55°8 | 47-1 35 | W.S.W. 1 sa a 1 hea 29°96 
51°6 173 
Dec. 
8.25 a.m. | E. | 41°00) 45°5 | 49°8 16 5. W. a Overcast, | Choppy. | 3 h.ebb. | 29°44 
50°8 35 with passing 
showers. 
10.20 a.m. | W. | 40°82 | 47:0 | 49°7 173 ob 7 | Heavy hail Ps 5S 29°44 
and snow 
showers. 
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TABLE B.—ReEcorD oF OBSERVATIONS MADE ON BOARD THE 


‘GARLAND’ DURING 1898. 
é 


B. PHYSICAL OBSERVATIONS.—IV. FirtuH or CrypE (Shrimp Trawi). 


| > Temperature. | 
Se amare eee LES el ee | | le 
Station, | en ee | : Wind. | ee = 
Date,and| % | Air. Water. Weather. Sea. Tide. ar S| ages 
Hour, | « | Shee 
| ° |; a2eo 
| 3 Dry | Sur- | Bot- Pent Direc | zs 
iS | a ; || a 
aa Bulb. | face. tom. | faths.| tion. liggas | EtG 
SANDA TO BENNAN HEap. 
Station | | 
ial: 
1898. 
Sept. 1. 
5.5 p.m.| N. | 51°20} 55:9 | 56-2 | 33 S.W. 2 | Overcast. | Moderate.) Low water.| 30°20 51 
1899. | 56°0 | 16 
Jan, 19. : 
10.0 a.m. | N.W.| 44°96 | 47°1 | 48°1 29 W. 6 | Cloudy. Rough. | 5h. ebb. | 29°30 4 
47 2 143 
Station 
ill. 
1898. 
Sept 1. 
3.12 p.m. | S.E. | 58°46 | 56°0 | 55°5 32 S.W. 2 | Overcast. Moderatas.| 4 h. ebb. | 30°23 5 
1899. | 
Jan. 19, 
11.35 a.m. », | 45°32 | 47-2 | 48-0 32 W 6 | Cloudy. Rough. th. fl. | 29°35 5 
Jan. 17. 477 16 
4.50 p.m. | 40°46 | 47°0 | 48°0 | 263 | S.S.E 3 | Overcast. | Slight. 20m. ebb. | 29°85 4. 
| 47-4 | 134 | 
Station 
V. 
1898. 
Sept. 7. 
10.20 a.m. | N.W.! 61°52 | 57°5 | 56°7 284 S. 1 7 A £h. fl. | 29°98 a 
CoRSEWALL TO MULL oF CANTYRE. 
Station 
iva 
Sept. 1. 
1.30 p.m. | S.E. | 57°56 | 56°2 | 56°0 | 64 |:W.S.W. 1 | Overcast. {|S.W.swell.| 23h. ebb.| 30°23] 5 
1899. 56°0 32 
Jan, 24. 
4.5 p.m.| N. | 38°30] 48°0 | 48°0 | 66 | S.S.E. 3 Fine, Choppy. | 53h. ebb. | 30°38} 3 
48°0 | 33 Slight haze. 
Station 
\ ante 
1898. 
Sept. 1. 
10.55 a.m. | S.W. | 56°48 | 56°0 | 56°1 62 |W.S.W. 2 |:Cloudy. Moderate.| 52h. fl. | 30.23] 63 
1899. 560 | 31 
Jan. 24. 
2.25 p.m.| S. | 44°24] 47°9 | 47°9 | 642 S: 2 Fine. Slight. 4h. ebb. | 80°38] 33 
| 48°0 | 32} Slight haze. 
PLADDA TO TURNBERRY POINT. 
Station | 
VIII. | 
1898. 
Sept. 6. 
10.55 a.m. | N.W. | 66°92 | 58°4 | 51°5 | 49 | S. 1 | Fine, haze. | Choppy. | 2h. fl. 30°07 | 7 
1899. 54°0 | 243 | | 
Jan. 25. | | 
10.10a.m. | N. | 38°30} 46°0 | 46°7 | 41 eye we Fine, Rough. Top of | 30°52| 4 
Station 45°8 | 204 Slight haze. h.w. 
Ix. 
1898. 
Sept. 6. 
0.5 p.m. | N.W. | 68°00 | 58°0 | 52°8 | 32 a 3 | Fine, haze. | Moderate.) 3 h. fl. | 30°05) 7 
1899 55:9 16) | 
Jan. 25. 
12.21 p.m. | N.B. | 32°50 | 46°2 | 46°8 | 34 | ,, 6 Fine, Rough. 13h. ebb.| 30°53) 33 
Station 45°9 17 Slight haze. 
Xx. 
1898. 
Sept. 6. 
2.0 p.m. | S.E. | 68°04] 58°5 | 54°5 | 25 a 2 | Fine. Moderate.| 5h. fl 30.04 7 
1899. 0120) a2 
Jan. 25. | 


2.10 p.m. | S.W. | 32°58 | 46°0 © 47-0 | 25 te 6 | Haze. Rough. | 33h. ebb.\ 30°52. 3 
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of the Fishery Board for Scotland. (6: 


II. ON THE PELAGIC FISH-EGGS AND LARVA OF 
LOCH TYING: 


By H. Cuas. Wiutiamson, M.A., B.Sc. (Pxrates II-VI.) 


Towards the end of the year 1897 I was instructed to determine, as far 
as possible, the approximate number of pelagic eggs and larve in Loch 
Fyne. The name Loch Fyne is used to designate that portion of the 
Clyde area extending from Ardlamont Point to Cairndow, and it is 
conveniently divided by Otter Spit into Lower and Upper Loch Fyne. 
Mill* refers Lower Loch Fyne to the Arran basin, and Upper Loch Fyne, 
cut off, as it is, from the lower portion by the shallow barrier at Otter, 
he considers a distinct area, 

“Loch Fynet runs, on the whole, north-eastward for 26 miles, following 
“the slight curves of its axis. For the first 20 miles the breadth varies 
“between # and 14 mile, then tapering to the head. The total water area 
‘is 284 square miles; the average depth is 224 fathoms, and the depth 
‘along the axis averages 403 fathoms at low tide. The outline of Loch 
“Fyne suggests its division into two distinct parts, which are found to 
“correspond with the conditions of depth also. From Otter Spit to 
‘‘Minard Narrows is a distance of 74 miles, and this section has been 
‘“‘termed the Gortans Basin. The depth in the Narrows at Otter is only 
“15 fathoms, at Minard 17 fathoms; but between them the Gortaus 
‘“‘ Basin sinks to a maximum depth of 35 fathoms, with a depth exceeding 
‘ 30 fathoms for 3 miles. Speaking generally, Gortans Basin is a shallow 
“and relatively wide hollow shut off by bars from the deep Lower Loch 
‘* Fyne on the seaward side, and from the upper basin on the landward 
‘side. The upper basin, though narrower, is much deeper. The depth 
“increases gently from Minard for 3 miles, until off Furnace it begins to 
‘“‘increase abruptly, reaching a maximum of 75 fathoms off Strachur, and 
‘only beginning to shallow off Strone Point, Inveraray. The depth in 
“the centre of the upper basin is over 6() fathoms for nearly 6 miles, 
‘““The form of the land bordering Loch Fyne has greatly restricted its 
‘“‘ drainage area; and the only streams of any importance enter near the 
‘“‘head of the loch. The tidal current, according te the Admiralty 
“publications, enters Loch Fyne at Otter at the rate of 33 knots, passes 
“through the Gortans Basin at 2 knots, increasing to 24 at Muinurd 
‘“¢ Narrows, but then slackening until, oii Dunderawe, near the lead of 
‘the loch, it is reduced to 1 knot.” 


Method of Research. 


in order to carry out the purpose of the research, it was decided to fix 
upon certain stations where examinations of the water of the area night 
be made once each month. Accordingly the stations (numbered I.—V. 
respectively in Plate II.) were selected. 

Station I., situated in Lower Loch Fyne, and on the line from Battle 
Island (at the mouth of West Loch Tarbert) to Buidhe Island on the 
eastern shore, was taken as a suitable position for obtaining a sample of 
the pelagic life of Lower Loch Fyne. The remaining four stations—viz., 


* Mill—‘‘ Clyde Sea Area,” Trans. Roy. Soc., Hdin. Vol. xxxvi. (1892). 
+ Mill— ‘ Report on Physical Observations, bearing on Circulation of Water in Loch 
Fyne” (April and September 1896), 15th Report of the Fishery Board, Part III, p. 262. 
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No. II., immediately above Otter Spit; No. III., about one mile above 
Minard Narrows; No. IV., crossing the loch at Inveraray ; and No. V., 
opposite Cairndow at the head of the loch, were judged to be fairly 
representative of the Upper Loch. The distances between the stations 
are—Between I. and II., 10 miles; IJ. and III., 8 miles; III. and IV., 
9 miles; and between IV. and V., 4 miles. In the selection of the 
stations, Captain Campbell, late of the Garland, kindly assisted me. 

It was not always possible for me, with the appliances at my disposal, to 
examine the water of the loch from the surface to the bottom, since it was 
necessary on most occasions to employ fishing boats and a small local 
steamer ; the stratum of water examined on each station was 15 fathoms 
deep. While on Station V. bottom may be found at 15 fathoms, in the 
middle of the other stations very much greater depths are found. 

In order to ascertain the numbers of eggs present on any one station, a 
number of nets were fastened along a rope at such intervals as to cause 
them when towed horizontally to fish at certain depths. These depths 
were—Surface, 1 fathom, 2 fathoms, 4 fathoms, 6 fathoms, 10 fathoms, 
15 fathoms. In order to offer as small a resistance as possible to the 
passage of the water through the cloth of the net a fairly open canvas, 
which has been much used on the Garland, was found suitable. The 
meshes of this cloth when wet with sea-water have openings measuring on 
an average ‘45 x ‘45mm.; the thread of the cloth is ‘4mm. in thickness. 
The mouth of each net had a diameter of 2 feet. In addition to the 
horizontal tow, a vertical haul was made on each station, The net used 
for this purpose had a mouth of 3 feet diameter; it was let down to a 
depth of 15 fathoms, and then drawn vertically to the surface. By having 
the cod-end weighted, the net was prevented from fishing as it descended. 
In this way the forms floating in a vertical column of water were 
captured. The material of which this net was made was silk grit gauze. 
When wet with sea-water the meshes were ‘55 x ‘45 mm.; the threads 
were of two sizes—one ‘35mm. thick ; the other, at right angles to the 
former, ‘27mm, thick. The nets thus had small enough meshes to retain 
all pelagic fish eggs and the greater proportion of the Copepoda and 
Zoéx, but allowed all Diatoms and most of the Invertebrate larve to 
escape. Lach visit to a station was timed to take place exactly 28 days 
after the preceding examination. While in the case of certain stations 
this was successfully accomplished, on some occasions a few days over the 
allotted interval elapsed before an opportunity of carrying out the work 
presented itself. Bad weather was the disturbing factor. 

In addition to the tow-net work, physical observations were made each 
month on ali the stations. The temperature and specific gravity of the 
water were taken at the surface, 74 fathoms, and 15 fathoms. For the 
temperature observations, the reversing thermometers used on board the 
Garland were employed ; in connection with the specific gravity determina- 
tions Mill’s self-locking water-bottle and the Kiel Hydrometers were 
made use of. During May, when I was unable to have the Garland’s 
self-locking bottle, an attempt was made to get water from 73 and 15 
fathoms with a zinc bottle, the cork of which was intended to be drawn 
when the bottle sank to the desired depth. This bottle was, however, 
unworkable. An improvement was made by replacing the cork with a 
ground brass valve, which was found to be comparatively easily 
drawn at a depth of 15 fathoms. Leakage occurred ; but it was very 
slight. The improved bottle was used in June. In January and August 
the work was carried on by means of the Garland ; during the intervening 
months fishing boats were employed for Stations I. and II., and a small 
local paddle-boat was hired for Stations III., IV., and V. 

The temperature of the air was noted, as also were the direction and 
force of the wind, the state of tide, and weather. 
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Preservation of Tow-Net Collections. 


Each collection was preserved in formalin. Commercial formalin 
was reduced with sea-water (39 parts sea-water to 1 part formalin) until 
the mixture contained 1 per cent. of formic aldehyde. This fluid 
preserved the eggs very satisfactorily, there being no immediate 
shrinkage. After 12 months’ immersion in the fluid the shrinkage was 
about 3°5 per cent. The eggs moreover remained very translucent. 
Fish larve, however, were not preserved well, unless separated from the 
rest of the tow-net collection. The liquid was changed once or twice, 
and a large quantity of fluid (proportionally) given the material to be 
preserved. 


Method of Treatment of Results. 


The results will be discussed in the following order :— 


1. An enumeration of the species the eggs of which were found in 
Loch Fyne. 

2. A discussion of the times of occurrence and relative abundance of 
the eggs of different species. 

3. The stages of development of the eggs, 

4. A comparison between the different stations as to the abundance of 
pelagic ova and Copepoda. 

5. The estimated numbers of the eggs of different species in Upper 
Loch Fyne. 

6. The discussion as to the depth at which pelagic eggs and copepods 
float. 

7. On the drift of eggs, &e. 

8. List of young fishes captured in the tow-nets. 


The Identification of the Ova. 


While the identification of some of the ova, either in the fresh or 
preserved condition, is doubtful, there are certain species which, by the 
possession of oil globules, markings on the zona, etc., are very readily 
diagnosed. The egg of the plaice is by its large size separated sharply 
from all other pelagic eggs. An accurate determination of the numbers 
of the eggs of every species of the Gadoids is so far not possible. The 
variation in the size of the eggs of a species introduces a difficulty which, 
until a determination of the percentage number that vary on either side 
of the average size is made, prevents an accurate separation of each 
species. It is always possible by means of size to diagnose the majority 
of the eggs of a species. Thus, for example, in the case of the eggs of 
cod and haddock, in the preserved condition, the average size of the 
former is 1°32—1:34mm. diameter, while of the latter 1°41 is the average 
size. In a mixture of cod and haddock eggs, then, the method which has 
been followed has been to separate the two by the size 139mm. Eggs 
of greater diameter—viz., from 1:°39—1‘dmm. diameter—have heen 
regarded as those of haddock ; while those eggs measuring 1°3—1°39mm. 
have been diagnosed as those of cod. It is among the eggs of 
the cod and haddock that the greatest difficulty exists in this 
respect, but from a very careful tabulation, and by the construction of 
a curve, of the sizes of the eggs of these species collected in March 
—2277 in number—the great majority can be separated. For the other 
Gadoids present the average size for each is as follows :— Whiting, 1:-2mm.; 
saithe, 1-13mm.; bib, 1;07mm.; poor-cod, -93mm.; pollack, 1-11mm. 


a — 
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The numbers of eggs allocated to these species in the Tables are therefore 
to be regarded as determined on these bases, and more than approximate 
accuracy is not claimed for them. The identification of the eggs of the 
other species (with two exceptions) mentioned in the Tables is arrived at 
with certainty by means of characteristic features other than size. The 
eggs of the other two referred to, dab and flounder, were separated easily 
by size, the average diameter of the former being ‘8mm.; of the latter, 
‘88mm. 

Tables I. and II."give the numbers of the eggs of each species obtained 
in the horizontal nets on each station, the limitations with regard to 
accuracy, cited above, being borne in mind. ‘Table III. gives the same 
for the vertical nets. 

In Tables [V.—XI. the number of eggs captured in each net is given ; 
the horizontal row is marked by the depth (in fathoms) at which the net 
was fishing. The volume of Copepoda, etc., taken in each net along with 
the eggs is also given (vide p. 113). 

Certain of the physicai observations made at each station are given in 
the margin. With regard to notes referring to the wind, the word 
‘“‘force” is represented by the letter “f.” The temperature of the air is 
given always in degrees centigrade. The temperature and salinity of the 
water are recorded in Table XVI. 

In the Tables there are a few blanks; these are due to the loss of the 
contents of certain nets. 


TABLE I. 
Numper or Ece@s or BACH SPECIES CAPTURED ON THE DIFFERENT 
STATIONS. 

MONTH. JANUARY. FEBRUARY. MARCH. APRIL. 

STATION. I. Il. I. | MW. | ut. |v. | ve | i | Me [a jrv. | ve | a. | 1 | mm. | Iv. | v. 
Sate Dele Ss SP A oe a Oe a 
Rockling, 2 4 | 6 |104 | 28 | 14 | 48 |123 [566 | 83 | 41 | 37 [188 [398 | 85 | 21 | 17 
Dragonet, Fe ah Ae 1 lea |) PAL G3 |) GAS al Geol ey ete i 1 
Haddock, wd a 8 | a) Shae) 19 Jees 3105s a as7 (| 64) ete) ate alee 
Saithe, st .. |... | 72] 37 | 1.) 36-| 21 |428 [381 | 29 | 68 | 66 [219 | 50 | 27 |) 58 
Whiting, ‘ . fone 1B oe | secl cel Sao abe a5 Soe 1978 1861 13076 Neealogn 
Cod, 2 477 |325 |125 |754 |163 |887 |433 |289 |1332 
Bib, 33 ce Wo heed eT Dts ie4591918'11730 1984 NEB G2 |2864 165s >aee 
Plaice, oe ¥, Seco ase llets ellecelMCON MGs is CRA Eaten i Maye Inbebe lh abee |). 2 |) Sa 
Dab, ot Pd to fe. |. | a se | 74 | 25 ese nos lvz7 | 56 | 20 f195 
Flounder, 7 | .. Jue dee |i. |e. | 2. | 52 1528 [199 | 68 1227 \eg3 \614 [185 [103 |228 
Gurnnard, ! | PAW AN |Peoik | oTk WP aesuip ales 
Turbot, Joe SIM ales ene an) GPabaae ea) Salt NG aise eva: bal ae 
Pollack, aes fee) S| Mamba a ve i | ee eid eel he de aE Eat 
Long Rough 

Dab, Fe OT 2 as RAT Cale mbes AER I) S199] 639 rm een ee 
Solenette, | . ra. Meseudtae Gl cticsls ccf mal mel al as eLetter 
Witch, fe ef Ep POPE eee DT cy |S |e’ Laem We MI sy cme ee Be 
Ling, be Pre CeMORS WEAN a Mee gee! tak) food) eo cilia cecil Se eines Bt Restate 
Poor-cod, or veo ee ee ol cey ioe ecee Rebeca" M0 salient oo ia 47 | 47 | 24 
Hake (?), of ae Be Pea. teen loo. Ba [hook WSS H)t5e| co ieee, Te ecael|) as ig 
Mackerel, Ar “ ese | 2 teen tere al cored |! Setet| Secs IE otoulll oie AM Sc 
Species G 56 53 wer Al, cee || coh | ermte all) eee] cexetl osere atl crea vse ay ore cual | Mimo all rerouall ere | Ne Be 
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TABLE? ET: 
Number or Eaecs or Bach Sprecies CapTurED ON THE DIFFERENT STATIONS. 


| MOonrH. May. JUNE. JULY. AUGUST. 


= | =— 
STATION. Le eos Lal ec Wioasl Vi 1 Se esa Vis Vis | I. Il. TITS | LY: V. LIF II. | III. | rv. Vie 
nT a Es a 
| Rockling,, [298 | 61 | 36 | 6 | 26 | 12 | 34 |153 | 24 | 48 | 34/10 |Soneer| tol 7 te) |, Si) 2 
| Dragonet, | 57 | 32/22! 6| 40/18] 55 187| 4/ 23| 24] 29)36| 4113 jie fa7] 6} ..| 7 
Haddock, melee leeleae| el oai) aig! | 
Saithe, 8/17 |18| 9|s4| 1/ 9/63| slaos|..|1|..|..].}..)../} 4 pall 2 
Whiting, 70 |102 |181 |115 426 | 3 | 17 (183 | 74 |451 | Gece ee ee ee oe een We OPM tp 
Cod, 56 | 59 | 96 [135 \982 | 7 | 32 [114 | 25 |164| 4/12) 3] 2] 7 5 
Bib, 29/22) 5/ 5) 9]... | 2/28) 2/23) 3} 2/ 1] ..] 38 
Plaice, Piro lean Weirale acl esi -oel chloe | 
Dab, 41 | 34 | 44 | 21 |148 | 23 | 27 |191 | 22 | 45 |176 | 27 | 62 | 65] 6|..| 8/10] 2 | 
Rlounder,, |2ot |'74 1527) 55 1122" 28 | 16) | 42°) 14 | si) 2). |..| 2] 1) 3 | 
Gurnard, 6G eshasee hee | 26) tf | tensa.) 9 635) 2) S| ql ..3) <2 | 
Turbot, Clea) wel] LIES | coal (il aligmtoel fea. Ni Dal mee Aa TES 2) || 9° 12 | 24 1 4 | 
Pollack, SAIS I ial oC a ae le | 
Long Rough | 
Dab, wa | era a ale ah ft im 
Solenette, Ed i | | 
Witch, |. |..].. | .. | 18145 | 27 | 50 [121 146 | 20 | 26] 9 | 15 | 41-2 38 | 
Ling, 6 fe? |laeeeael ec ore onli He Qe sk Bi id il 
Poor-cod, | 81 | 21 | 51 | 23 /234 | 62 | 54 |324 | 36/92) 3] 2] 2 1 
Hake (?) 4 20 2 5 1 . 
Mackerel umiimer ire eee te. Vitae tose I Sp lesO: | non eSal Zal 2h Tesi | 73 
SPECIES) Cragg We remn Menesa Ne a er, (epee DAE Oe ener iIhae, ve lhmeDba ll ene few Boe [ors Th SB LED, Views git serie tees ll oa 
Phryno- 
rhombus unt- | 
maculatus(?))} .. | 18} 8| 7] 7 TEs 96 | Leles | it Bile aderra dt 
Weever, Sl liarsre pis ie (ey a fee a (cere pK VE me Ate Oe ete se nen War Mblaoy Ite cle wal ll es ; 
Topknot, eae fern eccrons |eares |e ics Le eee Pie eel OOM ames: NH sealioe ch caret hs 8 Pisce crt I ctod lle ons | 
Memonisoles Wey ipo |ccatlac. ies | |-38)| 87 | 2% | 39' | 50 | 607. as a3 Z| 4a 2 
Arnoglossus | 
Ta CMIMEC eres | sot ve \Pas (Ob 12a 188) 5-1) 6: (ite 73 PAO |e 31 31 56 i 
Brill, PP ea eee. mae ws | G |)" 2 2 ‘ 
Ctenolabrus 
TUBESLETS CO enelee ees ihee ieee oscil | ‘ss Oe Wee aoech eee [etal oil! 
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TABLE IV.—Janvary. 


PeLaaic Kaas Corgeropa, Zoéw, etc. 
iki OF Fish: f 
JANUARY Number|/Number eae 
; Depth of ; Coprpopa, 
in Fa- | Eaas | Eaas | Volume of Corrpopa, etc., in each NET. ete., 
thoms. | in each | for each for each 
NET. |STATION. STATION. 
Station I. 
17th: 10.5 a.m. : : 0 15 c.c. 
Tow: 12 mile : 1 
Wind: W.S.W., squally 2 4 cc 
Weather: cloudy . A 4 2 6 c.c. 55 ©.¢. 
Sea: slight ; 6 85 c.c 
Tide: 5hrs. ebb . : 10 12°5 c.c. 
Temperature—air: 10°5° . 15 9 c.c. 
Vertical net . : 6'5 c.c. 
Station Hi. 
20th: 11.10 a.m. 0 6 c.c. 
Tow: # mile : it 6'5 c.c 
Wind: N., light. ; 2 O¥c.e: 
Weather: overcast 4 5 8 c.c. 48 ¢.c. 
Sea: smooth j 6 ST CAC 
Tide: 1 hr. ebb ‘ : 10 6 c.c. 
Temperature—air: 6°72 . 15 95 c.c. 
Vertical net . : 220 Copepods, 1 Zoca 
Station IEE. 
20th: 8.35 a.m. 4 : 0 148 Copepods: 69 Cumacea, 24 Zoéce 
Tow: 1 mile : ' al i-5:¢.¢: j 
Wind: S., light. : 2 15 c.c. 
Weather: slight haze : a ) 9 cc. BOLC.CS 
Sea: smooth : 6 4 cc. 
Tide: 44 hrs. flood : 10 dS cc: 
Temperature—air: 5'3° . 15 13°5 c.c. 
Vertical net . ‘ 82 Copepods, 2 Zoce 
Station IV. 
19th: 1.45 p.m. 0 19 c.c. 
Tow: 1,), mile : J 12:5 c.c. 
Wind: W.S.W., squally .}| 2 9 cc. 
Weather: rain, hazy 4 0 28°5 c.c., y. mainly. 106 c.c. 
Sea: moderate 2 6 15'5 cc. 
Tide: 44 hrs. ebb . ‘ 10 8'5 c.c. 
Temperature—air: 11°. 5 LSicre: 
Vertical net . : 360 Copepods. 
Station V. 
loth: 9.15 a.m, 0 Sa Re ie ea 
Tow: 4mile . 1 4 Young Amphipods, 1 young Schizopod. 
Wind: S.W., squally 2 135 Copepods, 17 Zoée. Roout 
Weather : fog, rain 4 0 16 c.c. 
Sea: slight j 6 170 Copepods, 127 Zoéa. 
Tide: near high water .| 10 7 ¢.c. 
Temperature—air: 11.5° .| 15 7 cc. 
Vertical net . ; 16 Copepods, 26 Zoéa. 
ee ae 


Sum or Eaes { Horizontal Nets—7 eggs of 2 species, pote Horizontal Nets—260 c.c. 


obtained on the 


FIvE Stations. \ Vertical Nets—2 eggs of 2 species. gouuhe Vertical Nets—8°5 c.c. 


FIVE STATIONS. 


Norr.—In Tables IV.-XI. the vertical columns labelled ‘‘ Number of Eggs for each Station” and 
“Volume of Copepoda for each Station” contain the total contents of the Horizontal Nets alone. 


mA te a 
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TABLE V.—FEprRuary. 


PELAGIC Eaes 


or FISHES. CorEpopa, Zoé@, etc. 
NETS. : 

FEBRUARY. ar Sees Nusabey Sees 
in Fa- | Eees | Ea@e@s | Volume of Coprpona, etc., in each NET. Coe 
thoms. | in each |for each oe 

Net. (STATION. for each 
STATION. 
Station I. 
14th: 3.45 p.m. 0 0 
Tow: } mile. 3 il 2 2 cc. 
Wind: W., f. 4 2) il Lefts) (x0. 
Weather: cloudy 4 0 6 V/ CG) LOA OO 
Sea: smooth : 5 2 12°5 c.c. 
Tide: 44 hrs. flood . : 10 1 6 c.c. 
Temperature—air: 87°. 15 0 75 c.c. 
Vertical net . 0 3 C.c. 
Station II. 
17th: 11.30 a.m. 0 35 148 Copepods (16 Huchetee), 10 Zoce. 
Tow: # mile. i 1 20 Web eexe: 
Wand INSWiesute.3) ae 3 2 1/ 4'5 c.c. 
Weather: cloudy 4 47 183 7:5 ©c.c. 27°5 ¢.c. 
Sea: smooth : 6 il 33 OC: 
Tide: 3hrs.ebb . : 10 26 4°5 c.c. 
Temperature—air: 6°2°. . 15 27 2'5 c.c. 
Vertical net . : 3 114 Copepods (5 Huchetwe) 5 Zoée. 
Station III. / 
18th: 1 p.m. : 0 2 2'5 c.c 
Tow: 1 mile il 9 ") CG 
Wind: N.N.E., f. 4 2 6 G:C: 
Weather: cloudy 4 1 72 243 Copepods,’ mainly y. 103°5 c.c. 
Sea: smooth - x ‘ 6 18 60 c.c. 
Tide: 23 hrs. ebb . “| #0 12 aly | (oxe 
Temperature—air: 4°7° . 15 24 S) Ce 
Vertical net . ‘ 0 Lb: e:¢: 
Station IV. 
19th: 820 a.m. . 0 17 21 ie.c. 
Tow: 1,); mile : 1 2 A 7ae.c: 
Wind: S.W.,f.4 . ¢ 2 3 30 c.c. 
Weather: rain 5 4 2 24 16 c.c. 169 ¢.c. 
Sea: choppy : 6 0 28 c.c. 
Tide: 3hrs. ebb © . : 10 0 PAT COE 
Temperature—air: 4° . 15 0 30 c.c. 
Vertical net . 0 55 ©¢.c. 
Station V. 
19th: 4.25 p.m. : 0 a 517 c.c. 
Tow: i} mile . 1 23 Gilicie: 
Wind: S.W., f. 3 2 16 43'5 c.c. 
Weather: rain 4 4 100 10'5 c.c. 249 c.c. 
Sea: slight ‘ 6 10 22°5 c.c. 
Tide: 5 hrs; ebb: ; 10 15 25 c.c. 
Temperature—air: 56° . 15 25 29'S c.c. 
Vertical net . ‘ 2 3:5 c.c. 


Sum oF Eaes ( Horizontal Nets—885 eggs of '7 species. DON ante. Horizontal Nets—591 c.c. 
obtained on the , ” 
Vertical Nets—14 c.c. 


he 
FIVE STATIONS. fort 


Vertical Nets—5 eggs of 2 species. Five STATIONS. 
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MARCH. 


Station I. 

14th: 3.15 p.m. 

Tow: ? mile . 

Wind's N.W., £3 

Weather: cloudy 

Sea: slight . 5 

Tide: 5hrs. flood . 

Temperature—air: 5°8° 
Vertical net . 


Station If. 

16th: 9.30 a.m. . 

Tow: 3 mile. . 

Wind: W., f. 5 

Weather: overcast, rain . 

Sea: choppy 

Tide: }ebb . 

Temperature—air : 7°5° 
Vertical net . 


Station IIE. 

17th: 1.30 p.m. 

Tow: ? mile. 

Wind: S.W., f. gale 

Weather: rain ; . 

Sea: choppy 

Tide: about low water 

Temperature—air: 10°4° . 
Vertical net . 


Station IV. 

18th: 3.15 p.m. 

Tow: 3? mile. 

Wind" We, t..gale: ~ 

Weather: rain 

Sea: moderate 

Tide: low water 

Temperature—air : 9°5° 
Vertical net . 


Station VY. 
19th: 12.15 p.m. 
Tow: 3} mile 
Wind: N.W., f. squally 
Weather: cloudy 
Sea: smooth é 
Tide: 2 hrs. 20 min. ebb . 
Temperature—air: 10° 

Vertical net . 


obtained on the 


Nets, 


Depth 
in Fa- 
thoms. 


a Fr WO KH © 
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TABLE V1I.—Manrcu. 


PreLAaic Eaas 
OF FISHES. 


CoprEroDa, Zoée@, etc. 


87 


Number Number 
of of 
Eaes Eaes Volume of Coprpopa in each NEt. 
in each |for each 
NET. (STATION. 
80 7 Cc: 
30 Orcic!, iq: EY 
46 13°5 c.c. 
75 290 | 48°5 c.c., l.q. E. 
37 23'5) Cici liqh Es 
14 10 c.c., E. 
8 Sic.cs, Es 
0 2 c.c., E. 
852 8 c.c., almost entirely E. 
748 Arcch, :: A 
544 2 «e., E. 
549 | 3,598 | 5 cc. 
448 > (KOs 
268 4°5 c.c., E. 
189 8'5 c.c., almost entirely E. 
18 i ce: 
628 12) ce. 
276 £2°5: ec: 
TS. 
358 1,921 17 c.c, 
362 ily/ OXer 
209 12 c.c. 
88 10 c.c. 
3 | 1:5. C.c. 
39 | 16°5 c.c., very few E. 
43 22RC.ca lds Li. 
38 LZ cic, E: 
T0U 373 | 14:5 c¢.c., lq. E. 
72 Ziverce:,, lq) Bs 
46 12 «.c., E: 
58 20 c.c., E. 
8 8 ¢.c., E 
6 120 Copepods 
187 6 c.c., E. 
759 2,380 | 24 cc., E. 
658 85 c.c., E. 
612 | Slice: 
158 || 2alinerc: 
30 4 c.c. 


Sum or Eees { Horiz. Nets—8562 eggs of 15 species. 


FIVE STATIONS. 


Vertical Nets—59 eggs of 10 species. 


CoPEPODA, etc., 
for the 
FIVE STATIONS. 


* For the meaning of the letters used in this column, see p. 113, 


Volume 


of 
CopEPoDA, 
etc., 
for each 
STATION. 


L475 e.c. 


8c.c. 


TLS ce; 


1L7 c.c: 


Total Volume of ( Horizontal Nets—460 c.c. 
Vertical Nets—11°'5 c.c. 


a eae en 
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TABLE VII.—Apem: 


PELAGIC Eees 


OF FISHES. 
NETs. 

APRIL. Daal rue ake 
in Fa- | Eaes EceGs 
thoms. | in each | for each 

Net. |STATION. 
Station I. 
11th: 3.40 p.m. 0 
Tow: } mile. 1 | 
Wind: W., f. 3 2 
Weather: cloudy 4 
Sea: smooth 6 
Tide: 3} hr. ebb. 10 
Temperature—air: 10°8° . 15 
Vertical net . : 
Station Ii. 
14th: 8.40 a.m. 0 | 
Tow: i mile. aL 
Wind Saws. o- 7 
Weather : cloudy 4 
Sea: smooth Ca 
Tide: } ebb . 10 | 
Temperature—air: 7°8° 15 
Vertical net . 
Station THI. 
19th: 1.20 p.m. 0 
Tow: } mile. 1 
Wind: S., f. 4 2 
Weather: cloudy 4 
Sea: slight 6 
Tide: 2 hrs. ebb 10 
Temperature—air: 9° 15 
Vertical net . 
Station IV. 
18th: 9.10 a.m. 0 
Tow: 4 mile. 1 
Wind: S.S.E., f.5 . 2 
Weather : cloudy 4 
Sea: slight 6 
Tide: 4% hrs. flood . 10 
Temperature—air: 10°75° . 15 
Vertical net . 
Station VY. 
16th: 12.40 p.m. 0 
Tow: i mile. 1 
Wind': S We, 1.0 2 
Weather: showery 4 
Sea: choppy 6 
Tide: 4 hrs. ebb 10 
Temperature—air: 10°6° . 15 


Vertical net . 


Sum oF Eees 
obtained on the 
FIVE STATIONS. 


SS SS eS SSS jj\j 


Ne SS eee 


Horiz. Nets—9'717 eggs of 21 species. 
Vertical Nets—25 eggs of 18 species. 


14°5 c.c., Ly., 1a. 


| 62 c.c., 


Coprrpropba, Zoée, etc. 


Volume of Copgropa, etc., in each NET. 


Sic. aliy-5) leas 
G:5\cic:,-4y-, 1 a: 
54 c.c., 1y., 1a. 


ZOD CiC.,|3 Yesul 2. 
86 c.c., 
69 c.c., 


” 


be) 


35c.c.,4y., 1a. 
18 c.c., 
174 c.c., 
1°78 c.c., 
120 c.c., 
35) Gigs 
PAT K CLO 58 
ZOIGC. Ziven Lae 


2? 


LOZIEIS lays eae 
700 C:c:, 2 y., La. 
190 c.c., 
237 C.c., 
SOIC: Cs. Wa ass 

SbICC:. Ltys5 leas 
37 C.c., 


”? 


” 


” 


39 


Diecic:, dye, dake 
Avec. 
245 c.c., 
505 cic:; 5; 
SOT C.Ci, L Yo, 2iae 
135 c.c., 
80 c.c., , 
26'5\C:e),\ yo, das 


” 


” 


” 


14°5c¢.c., 3 y., 1 Hvadne 

17 c.c., Hvadne 

Giicie:, 45:5 La. 

P75 ¢.e.,' 5; 

Bes Cs SYe5) Las 

710 'G:c., 43 

4'7'5¢.c., 2y., 1a. 

PSC Cs, y¥.50 a 

Total Volume of 
CopPEpoDA, etc., 


for the 
FIvE STATIONS. 


COPEPODA. 


etc., 
for each 
STATION. 


438°5 c.c. 


1,621 cc: 


1,375 G.c; 


424 c.c. 


{ Horizontal Nets—44.00 c.c. 
Vertical Nets—186 c.c. 
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MAY. 


Station I. 
9th: 3.55 p.m. 
Tow: } mile. 
Wind); N.N.W.; f. 4 
Weather: cloudy 
Sea: slight 
Tide: 14 hr. ebb 
Temperature—air: 12°2° . 


Vertical net . 


Station IH. 
llth: 9.30 a.m. 
Tow: } mile. 
Wind: N., squaily . 
Weather: cloudy 
Sea: slight 
Tide: low water 
Temperature—air: 5.9° 
Vertical net . 


Station Hit, 
12th: 1.15 p.m. 
Tow: 4} mile. 
Wiindis INSWe,,f.4. . 
Weather: showery 
Sea: slight 
Tide: 2hrs. flood . 
Temperature—air: 10° 

Vertical net . 


Station IV. 
13th: 12.30 p.m. 
Tow: } mile. 
Wind: N.W., f. 2 
Weather: cloudy 
Sea: smooth 
Tide: 1 hr. flood 
Temperature—air: 10° 

Vertical net .. 


Station V, 

14th: 8a.m.. : 

Tow: i mile. 

Wind: calm . 

Weather: cloudy 

Sea: smooth 

Tide: 1 hr. ebb 

Temperature—air: 7°2° 
Vertical net . 


obtained on the 


I species. 
FIVE STATIONS. 


TABLE VIII.—May. 


Pruaaic Eaas 


GeuRRGTiel CopEpopDA, Zoée@, etc. 


NET. va 2. 
Number|Number Yolume 
Depth of of (ten ee 
in Fa- | Ea@a@s Eaes | Volume of Coprpopa, etc., in each NEr. Z 
thoms. | in each for each tee peas 
Ner. |STATION. anon: 
0 229 170 Copepods, ly., la. 
1 242 P2Lierc: iy. 1a, 
2 152 880 c.c., Ly., 1a. 
4 150 | 949 | 925c.c.,4y., 1a. eee 5 
6 136 1216 c.c., 4y., 1a. ‘i 
10 
15 40 92'5 c.c., 2y., 14a. 
28 80 cic., 2 y., 1a. 
0 95 Scie 1 y.; Ia: 
1 59 100 c.c., 1ly., 2a. 
2 66 290 c.c., Ly., 24. 
4 83 4738 | 149cc,1ly.,la. 870°5 c.c 
6 105 225 ¢c.c., 1 y., 1a. 
10 22 87H). Ci5) 1 yey 1! a 
15 43 44 cc.,ly.,la. 
18 3'5.¢.c., ll y., 2 a. 
() 97 201 Copepods, 1 y., 3a. 
it 101 ZAUGICSC:, 1 ya) 3 a 
2 63 21Olec:, 1 ye 3 a. 
4 104 654 | 482. c.c., 1ly., 3a. 1439 c.c. 
6 101 So0icic:; 1 ya, 3'a- 
10 105 LSOCc, P ya73)a. 
15 83 6O\cic. Ly, 37a. 
8 MSiCIC! as 
0 50 50 Copepoda, ly., la. 
1 66 D5rekCr as 
2 71 98 c.c., a. 370 ¢.c. 
4 117 388 | 148.c.c., Ly., 3a. 
6 70 STi Cieh, Liye, Bias, Hs 
10 6 26'e.c., a:, Et 
15 8 16 c.c., a., E. 
22 8:5 c.c., a 
0 118 999 Copepods, y. 
1 713 126 c.c., 2 y., 1a. 
2 593 QOTWesc:, 2 ye, La; 
4 627 9946 || 185ie.c., 2 y., 1 a. 730°5 ¢C.c; 
6 135 150 c.c., 2 y., 14. 
10 35 48'c.c., 3'c., 1 Z. 
15 25 SiGe Wer aZ. 


35 14 c.c., a., mainly. 


CopEPopA, etc., 
for the 


Sum of Eaes (rrr epete Nets—4'710 eggs of 28 Total Volume of (yy 5rizontal Nets—6814 c.c. 


Vertical Nets—111 eggs of 15 species. 


FIvE STaTions. | Ver tical—12¢4 c.c. 


a i 
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TABLE I[X.—June. 


PELAGIC Eaas CopEePopDa, Zoé@, etc. 


OF FISHES. 
| NETS. 
- Number, Number ; Volume 
JUNE. Depth | _ of of of 


in Fa- | Eees | Eoes | Volume of Copzpona, etc., in each Ner, |COPEPODA, 


thoms. | in each |for each etc., 
| Net. |STaTIon. for each 
STATION. 
iia snes, A 6a AS ae ae era 
| Station I. 
| 6th : 1.45 p.m. 0 31 "76 c.c., a. 
| Tow:imile. 1 | 56 435 c.c.,1ly., 1a. 
| Wind: S.E, £5 2 56 EAD C.C.; B- ‘ 
| Weather : rain =| 4 42 237 | 805 c.c., a. EES 
Soa = medenabe ; 6 40 | 865 c.c., 2. 
Tide: high water . ah eee 5 | 165 c.c., a. 
Temperature—air: 111° .| )° 7 1215 c.c., a. 
Vertical net | | 6 | | 4'7 c.c. a. 
Station IL. | 
Sth: 9.15 a.m. 0 72 Sic.” 2: 
Tow :j mile. é zl 1 78 27 €.C., 2. 
Wind:S,f2 - .| 2 55 31‘5c.c., a. 
Weather : cloudy [ata 7 475 | 6lcc., a. 265°5 c.c. 
Sea : smooth *y| 6 90 TWO ec. 2: 
Tide:ihr. flood . E 10 50 41 ¢c., a: 
Temperature—air :13°8° . 15 52 27 ce:, 2. 
Vertical net . , 16 10 c.c., a. 
Station III. | | = |-<tsate |) 
9th : 1.10 p.m. : -}4 ro by qwizd 149 Copepods, a. 
Tow: } mile. : 1 428 £2 eic., 2. 
Wind ss. 0s5 fn : 2 2A1 Pe Cle. ae 
Weather : cloudy Lae 344 | 1,767 | 45cc..1y.,3a. 497 c.c. 
Sea : smooth a 6 333 114 ¢.¢.,4y.,1a 
Tide: 3hrs. flood . .| 10 134 | 71 ¢.c., 437i, Tia. 
Temperature—air:22° .| 15 116 | 91 ¢G:¢:,:3 y¥., ba 
Vertical net ib 40 c.c., ly., 1a. 
Station IV. | | Feo fi Ee 
10th:8.35a.m. S|). ¢ Obie 92 Copepods, a. 
Tow:imile. : 1 98 2775 1€.c., 4. 
Wms Wet. : 2 106 Sc.c:, 2 
Weather : hazy 4 79 384 GL ec... 307 c.c. 
Sea : smooth 3 6 41 196 €.c., 3. 
Tide:4hrs.ebb . : 10 4 ete CO Ee 
Temperature—air 111° . | 45 3 i? ¢.C:, a: 
Vertical net 6 | ¥15'c-c., 4 
Station V. 
10th:6.15 p.m. . | 0 61 8c.c.,la.,3Z. 
Tow:imile . : Be a! 763 8 c.c.,la., 2 Z. 
Wind = Bat... : J | 2 889 Fi ce. lis. 2. 
Weather : cloudy 4 577 | 2,49e| GBec., 1ly.,1a.,1Z. 188 c.c. 
Sea : smooth : a #6 155 72 c.c., 3y., 1a.,2 Z. 
Tide:1iihr.ebb . . 10 66 3 ec., Lia, WZ. 
Temperature—air : 18°5° . 15 38 tO ce, ly., ae, EZ. 
Vertical net . : : 111 PW ee. ly.,2a.73 2. 


Total Volume of 
CopEPoDa, etc., 
for the 
FIVE STATIONS. 


Horizontal Nets—8048 c.c. 
obtained on the species. 
Vertical Nets—119 c.c. 


Sum or Eacs {oerepecie Nets—5409 eggs of 30 
Five Stations. | Vertical Nets—156 eggs of 14 species. 
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TABLE XJ Ui: 


9] 


‘eon : mee ae CorEroDa, Zoée, etc. % 
JULY Depth pombe oe cna a 
in Fa- _ Eaes Eaes | Volume of Coprpopa, etc., in each NET. ies. ce 
thoms. | in each |for each) for ean 
NET. |STATION. Sranron. 
Station I. 
5th : 9.35 a.m. Oy =| 124 INClC Has. hr 
Tow :imile . ie 7 eeso0 20°5 c.c., mainly a. 
Wind : W. by S., f. 2 2 55 12 c.c., mainly a. 
Weather : overcast . | 40) 56 444 15 c.c., mainly a. Sb e. 
Sea : smooth | 6 86 14°5 ¢c.c., mainly a. | 
Tide : } flood eo | Lh 12°5 ¢.c., mainly a. | 
Temperature—air : 12° | TN ata Giciemelt ys alsa: 
Vertical net 3 onl 2:5 1C.C:, 8.5) B 
Station HI. | 
6th : 8.45 a.m, 0 78 | 86 c.c., a. 
Tow :} mile 1 64 | ALicicn ly), Zia: 
Wind : W., f. 1 | Dye e742, ALS OXCSWAE aS A 
Weather : cloudy nal dk see as 304 «| 15 Cis, ley, ear 97 c.c. | 
Sea: smooth . : | 6 48 Sicicww y...2/a- 
Tide : 1 hr. flood ; | 10 15 LOlcics ys lea. 
Temperature—air:148 .| 15 14 18 c.c:, ly., La. 
Vertical net | 8 ICH Ek ILA. 
| EEE SRE AE | She CPS Soe bo Tew mat 
Station HE. 
8th : 5.5 p.m. 0 67 Abt: “Ke.c. 
Tow:imile . 1 gus Abt. °5 c.c. 
Wind “NeW. f.3 2 7 | 2 Copepods, 102 Zoée. 
Weather : cloudy 4 10 129 Abt. °5 c.c., mainly;Z. 6°5 ¢.c 
Sea : smooth . 6 20 | Abt. ‘5 e.c., Z. 
Tide:1} hr. ebb’ . Sipe £0 Me Cieslvas, Zs 
Temperature—air:18°5° . 15 7 COG sy dl Wen MEAS a, 
Vertical net 5 29 Copepods, 7 Zoée. 
Station IV. | 
7th : 8.45 a.m. 0 183 DAS KOKO AE 
Tow :i mile . if LOT? | U6ycles Ley lear 2B. 
Wind : S. W., f. 3 OS GSihs yl VOterc., ley, 14:22 B. 
Weather : rain Bp las oS 483 | '79cc.,y., E. 676°5 c.c. 
Sea: smooth . 6 24 3800 c.c., y., E. 
Tide: ihr. flood . 10 oe 150 c.c., y., E. 
Temperature—air : 13°5° 15 1 MIO cleo ys) lea: 
Vertical net 45 10) Oss an VA. 
Station V. | 
7th : 4.25 p.m. 0 0 | Le.c., Hvadne 
Tow :}mile . if 54 9c.c., y. 
Wind :N.W., f. 5 Z 12 4°5 ¢c.¢c., y- 
Weather : cloudy 4 P26) Sale ose TAL CxCa one 662 c.c 
Sea : slight 6 100 | | 149 c.c., y., Z. 
Tide : 13 hr. ebb 10 34 | | 41 c.c., y., Z 
Temperature—air :17°5° . 15 16 OAS CHC55 Vig e4 
Vertical net 20 18°5 c.c., y., Z. 


obtained on the species. 


CoPEPODA, etc., 


Sum or Eaes \iopeee Nets—1'708 eggs of 22, | Total Volume of ( Horizontal Nets—1524 c.c. 


Five STATIONS. 


G 


Vertical Nets—40 eggs of 11 species. for the 


FIVE STATIONS. 


\ Vertical Nets—82 c.c. 
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TABLE XI.—Aveust. 


PELAGIC Eaes 


Nets. OF FISHES. 
AUGUST. Depth Newer Number 
in Fa- | Ee@es Eaes 
thoms. | in each |for each 
NET. |STATION. 
Station 1. 
8th : 11.10 a.m. 0 5 
Tow:imile, ; 1 6 
Wand NE Wet. - 2 0 
Weather : cloudy 4 8 33 
Sea : smooth 5 6 4 
Tide: 1hr. flood . ; 10 1 
Temperature—air:13° . 15 9 
Vertical net 0 
Station If. 
9th : 3.50 p.m. e 0 tf 
Tow :i mile . 1 6 
Winds Ws, fe.) é ‘ 2 3 
Weather: fine | 4 7 29 
Sea : smooth é 6 3 
Tide: hr. flood . : 10 1 
Temperature—air : 15°9° . 15 2 
Vertical net 2 
Station Til. 
9th: 2.20 p.m. 0 10 
Tow:imile. : 1 1 
Wind: W., f. 1 : 2 2 
Weather : fine 4 2 29 
Sea : smooth : 6 5 
Tide : 3 flood ; : 10 5 
Temperature—air :16°4° . 15 4 
Vertical net 0 | 
Station IV. 
9th : 11.5 a.m. 0 a 
Tow:imile . ; ; 1 5 
VV ReRINE Wiesttatlen es : 2 2 
Weather : fine 4 0 9 
Sea : smooth ‘ 6 0 
Tide : } flood é 5 10 1 
Temperature—air : 15°4°. 15 0 
Verticalnet . 0 
Station V. 
9th : 7.35 a.m. 0 0 
Tow : i mile 2 1 17 
Wind: calm . = : 2 1 
Weather : fine - 4 11 66 
Sea : smooth c - 6 10 
Tide: i ebb. : ‘ 10 25 
Temperature—air :11°5° . 15 2 
Vertical net . 5 0 


CopEpopA, Zoée, etc. 


Volume 
of 
Volume of Coprepopa, etc., in each NET. CoPEPoDA, 
for each 
STATION. 
3 Copepods, 3 Zoée, 9 Evadne. 
13 Copepods (y.), 2 Zoéw@, 7 Evadne. 
5 Medusee, 2 Zoéce, E. ee 
PAC 


14 Medusce, Caligus, (sp.). aap 


34 Meduse, 16 Zoéw@, 2 Copepods. 420 
S Medusee 
141 Meduse, 10 Zoée, E. 
226 Medusce. 20 Copepods, E. 
11 Meduse. 
8 Meduse, 3 Zoée. 
15 Meduse, Caligus (sp.). 
33 Meduscee, 1 Copepod. ; ‘About 
107 Medusce, 1 Copepod, 1 Zoéa. DIGIC. 


79 Medusee, 2 Copepods. pe 
105 Meduse, 3 Copepods, 17 Zoée. 


Meduse. 
179 Meduse, 41 Copepods (1 y., 1a.), 
46 Zoée. 


18 Meduse, 3 Copepods, 4 Zoée. 


4 Copepods (y.). 

Ascidian larva. 

8 Medusex, Caligus, (sp.).. 

13 Medusee, 2 Copepods (y.), 1 Zoéa. 
23 Medusce, 7 Copepods, 4 Zoéee. as 


10 Meduse, 32 Copepods, (ly.,1 a.), | Meduse. 
38 Zoée. 


AVGic:Con 2 ys, tea, lee 
1 Medusa, 1 Copepod. 


4 Copepods. 

1 Copepod (y.), 1 Zoéa, E. 

2 Copepods, 2 Zoé@, E. 

Abt. ‘4.c.c., 4 Copepods, 1 Zoéa, E. 
Abt. *4c.c., mainly E., (c., Z., M.). 
Abt. -4¢.c.. mainly E., (¢c., Z., M.). 
UN i a BOK Oak ARS aN Dy 

1 Copepod, 1 Medusa, 8 E. 


About 
BAS (CAO 


Abt. ‘5c.c., mainly y., 5 Zoée. 
Apts AiG.Gr2yesulias 

140 Copepods (3 y., 1 a)., 6 Zoée. 
S'C5Cogo Lipase Ze 

SioCiC ee yeelsaes) LZ, Mes 
SOK INRA EVAL 

3 5ie.c., 1 y:, 152:, a: 

39 Copepods, 22 Zoée. 


a rc a TE EB TL Eo A EE EO, I, EE, TO IIE COIS RAE SE 


Sum oF Eaas (Horizontal Nets—166 eggs of 18 Se Horizontal Nets—19'6 c.c. 
obtained on the~ species. epee ; 
| Vertical Nets—Abt. °3 c.c. 


Five Stations. \ Vertical Nets—2 eggs of 2 species. sal eee 
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List of Species, Eggs of which were found. 
Bib, Gadus luscus, Will. | Poor-Cod, Gadus minutus, L. 
Brill, Bothus rhombus, L. (Rhom- , Five- bearded  Rockling, Onos 
bus levis). mustela L. (Motella mustela). 
Cod, @. callarias, L. (Gadus mor- | Three-bearded Rockling, O. trictr- 
rhua). | ratus, Briinn (M. tricirrata). 
Dab, Plewronectes limanda, L. Saithe, Gadus virens, L. 
Dragonet, Callionymus lyra, L. Solenette, Solea lutea, Risso. 
Flounder, Plewronectes flesus, L. Topknot, Zeugopterus punctatus, 
Gurnard, Grey, Trigla gurnardus, Bl. 
: Turbot, Bothus maximus, Will. 
Gurnard, Red, 7’. cuculus, L. | (Rhombus maximus). 
Haddock, Gadus ceglefinus, L. Weever, Trachinus vipera, Cuv. 
Hake, Merluccius vulgaris, L. Whiting, Gadus merlangus, L. 
Lemon Sole, Pleuronectes micro- | Witch, Plewronectes cynoglossus, L. 
cephalus, Don. Phrynorhombus unimaculatus, 
Ling, Molua molva, L. (Molva vul- Risso. 
garts). Arnoglossus laterna, Gthr. 
Long Rough Dab, Drepanopsetta | Ctenolabrus rupestris, (Sp. F). 
platessoides, Fab. Species C. 
Mackerel, Scomber scombrus, L. as pelos 
Plaice, Pleuronectes platessa, L. ean 
Pollack, Gadus pollachtus, L. ae tales 


Norges ON THE ABOVE LIST. 


Hake (Merluccius vulgaris, L.). The egg which has been provisionally 
regarded as that of the hake has a diameter of 1°31—-1°36mm., with an oil 
globule measuring -25—"35mm. Holt* gives the size of this egg as 1°35 x 
108mm. ; oil globule, ‘3mm. According to Raffaele,t the egg of the 
species measures ‘94-1'03mm. (O.G. { -27mm.). Mr. H. M. Kyle has 
informed me that ripe eggs taken from a hake at Banyuls measured less 
than Imm. in diameter, while other eggs measuring 1‘07mm. (0O.G. 
‘23—27mm.), captured in the Mediterranean, produced larve agreeing 
exactly with Raffaele’s description of the hake embryo. The disparity 
between the sizes given by Holt and Raffaele is too great to be accounted 
for merely by the variation found among the eggs of every species. 

MacKkEREL (Scomber scombrus, L.). The size of the egg of this fish is 
given by Cunningham § as 1:22mm. in diam., O.G. ‘°32-"33mm. In 
the Loch Fyne collections, ova measuring 1°2-1:25mm. diam., O.G. 
‘*3-37mm., were obtained. The eggs of the mackerel have not, so far, 
been described from Scotch waters, but numbers of ripe mackerel are 
caught each year in Loch Fyne, and it is extremely probable that the 
diagnosis of the latter egg as mackerel is correct. 

PoLuack (Gadus pollachius, L.). Holt || gives 1:13mm. as the size of 
this egg. This agrees closely with the dimensions given by M‘Intosh, 
viz., 1:14mm. A number of eggs measuring 1‘11mm. were captured in 
Loch Fyne, and as this size is a little smaller than the average size of the 
saithe, they were regarded as Pollack. In the case of preserved eggs, a 
. oie oe the Eggs and Larvee of Teleosteans.” Trans. Roy. Dublin Socy., vol. iv. (ser. 
ii.), : 


+ “Le uova gallegianti e le larve dei Teleostei nel Golfo di Napoli,” Mittheil. Zool, Stat. 
Neapel, Bd. viii., p. 37, 1888. 

+ Oil globule. 

§ Journal Mar. Biol. Assoc., N.S., vol. i., p. 31. 

\|Op. cet 


4 M‘Intosh and Masterman, “British Marine Food Fishes,” p 271 1897 
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large amount of dependence on size is necessary, since such a diagnostic 
feature as the pigment of the embryo is obliterated to a large extent. 
Holt * believes an egg measuring 1°4-1:5mm., captured at Plymouth, to 
be the egg of a large Pollack, 

Mvuuer’s Torknot (Zeugopterus punctatus, Bl.). The size of the egg of 
this species is given by M‘Intosh and Prince + as 105mm. in diam., O.G. 
‘2mm. An egg measuring |I‘lmm., O.G. ‘2mm., I have regarded as 
belonging to this species. 

Species A (Phrynorhombus unimaculatus 1). An egg measuring 
‘9--95mm. in diam., O.G. *17—"19mm., occurred frequently in the tow- 
rets in May, and from time to time in June, July, and August. Holt $ 
measured the ripe eggs of this form, and found them to be -92—‘93mm. in 
diameter. Cunningham { records that eggs were obtained by Brook in 
Loch Fyne in June from a female P. unimaculatus. They measured in 
diam. ‘96mm., and had a small yellowish oil globule. The eggs of 
Rhombus norvegicus are not very different from those of P. unimaculatus, 
but so far the former species has not been recorded from Loch Fyne. 
Holt* discusses the relationship between the eggs of the three Topknots. 

Species B (Arnoglossus laterna, Gthr.). Egg measuring *65—7mm., 
O.G. 15. Holt || obtained ripe ova of this species. He found them to 
measure °675—"690mm. in diam. (O.G. ‘14—15mm.) in one case, in June, 
and *75-"76mm, (O.G. ‘12—"13mm.) in another case, in July. Ehren- 
baum §| had previously described an egg taken in the tow-net as belong- 
ing to this species. ‘The egg obtained in Loch Fyne was very common 
in June and July, and occurred also in August. It was obtained quite 
close to the surface in greatest numbers, but also occurred down to a 
depth of 10 to 15 fathoms. 

Specius C, D, E. ‘These eggs measured respectively—C, 1:2 and 
1°25mm_., 0:G.-2mm.;" D, P'limms (OG: “lomme-) ioe -omm nee 
‘27mm. Four eggs of C were found—two in April and two in May. 
One each of D and E were noticed. 

Species F (Ctenolabrus rupestris, L. 1). This egg, which measured 
‘67-"72mm., was obtained in June and July. It has no oil globule, and 
very probably is rightly referred to Ctenolabrus rupestris (Holt**). This 
form is common in Loch Fyne. 

Species G. The egg labelled G in the Tables measured 1:12—]:16mm. 
in diam. (O.G. ‘3mm. and over). It resembles very much the egg which 
I have diagnosed as that of the mackerel, differing from it slightly i in 
diameter. It was captured in Loch Fyne in April, June, and July. 

Bris (Gadus luscus, Will). The eggs which have been regarded as 
belonging to this species measured, on the average, 1‘07mm. diam. 
A considerable number of eggs measuring exactly 107mm. were captured. 


On the Occurrence of the Eggs. 


The months in which the largest numbers of eggs were found in Loch 
Fyne are March, April, May, and June. The following Table shows the 
number of eggs for each month :— 


* Journal Mar. Biol Assoc., vol v. No. 2, p . 131. 

+ ‘‘ Developraent of Teleostean Fishes.” cPind Roy. ye Edin., vol. xxxv., pt, iii. 

+ Cunningham, ‘‘ Marketable Marine Fishes,” eae? 

§ Holt, Journal Mar. Biol. Assoc., vol. v., No. 1, p. ne 

| Journal Mar. Biol. Assoc., vol. v., No. i. p. 49. 

{{Eier u. Larven von Fisch. d. deutsch., Bucht. Wissenschaftliche Meeresunter- 
suchungen vor. der Biologischen Anstalt auf Helgoland, neue Folge, 2ter Bd. Hft. i., 1896. 

** Jour. Mar Biol. Assoc., vol. v., No, 2 p. 124. 
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ia a = a | 7 | Te | 
Month. | No. of Eggs. | Month. | No. of Eggs. | 
east. ees 
January, ; | fl | Mayr sere 4,710 | 
February, . 136 JUNC ae | 5,409 
March, . 3,297 Slys oes ee 1,703 
| April, 9717 August, . . | 166 


It will be noticed that the numbers given here for the months of 
February and March differ from those given in Tables V. and VI. 
During February and March the horizontal tow was much longer than 
during the succeeding months ; and it is therefore necessary, as a basis 
for comparison, to reduce the numbers to a j-mile tow. 

In April the largest number of eggs are to be found ; and during the 
four months above mentioned the eggs of every species which were 
found during the eight months appeared. The main spawning period 
also of every species, with two exceptions, was found to occur between 
March and June. 

In the accompanying Table, XIJ., the spawning periods of the different 
species are shown. ‘The following symbols are used, viz. :— 

* indicates that eggs were found during the month so marked. 

& marks the month in which the largest number of the eggs of each 
species were captured. 

X signifies that a large number (proportionally to the total of that 
species) of eggs of the species were captured. 


[TaBLe. 
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TABLE XII. 


TABLE SHOWING THE SPAWNING SEASON OF EACH FISH, 
AS DETERMINED BY THE OCCURRENCE OF THE EGGS. 


Jan. | Feb. | Mar. |April| May | June July | Aug. 


—=—- ——__—_. 


— — | | | | | | | 
_—_———- 


Rockling, Onos mustela, and tri- 

cirratus, ... re ne del BAe ‘i x x >. ® a 
Dragonet, Callionymus lyra, diol eae 5 a x x x $ i 
Cod, Gadus peli = rs. 2 28 Dane. ¢ x i : 
Haddock, Gadus aeglefinus, oe e XS A ee x ig 
Whiting, Gadus merlangus, ie id 4 ral Saxe x: 4 . 
Saithe, Gadus virens, "s pe ualleee, @ eel ac x é 
Bib, Gadus luscus, ... a ta | + xX Xi 3 * 3 
Plaice, Pleuronectes platessa, x Xx 
Turbot, Bothus maximus, ... at ¥ = x | >. Gee ai phe 
Dab, Pl. limanda, ... oe dis 7: » Cm x Bie 
Flounder, Pl. flesus, ns Fae ht hice. Gena: 4 . eS < 
Gurnard, J'rigla sp., ov at ade : ie dleensx Xa 
Pollack, Gadus pollachius, ve r ee (aad ase kate 
Long Rough Dab, Drepanopsetta | 

platessoides, oo aa oe z x 4 2 
Solenette, Solea lutea, ... as e Si 3 
Witch, Pl. cynoglossus, ... o - xX 8 it 
Mackerel, Scomber scombrus, ee ? ig xX 
Ling, Molua molva, ae RY, | ny i - ‘3 
Poor-Cod, Gadus minutus,... a | : aK: x 3 
Hake, Merluccius vulgaris, Py. 3 | “ - i b3 
Species G, .. e a a! % X 
Phrynorhombus wnimacuatus (?), « ».4 . 5 
Zeugopterus punctatus, ... = d c 
Trachinus vipera, ... 84 neha 4 i 4 
Lemon Sole, Pl. microcephalus, ... x >< a 
Arnoglossus laterna, Gthr. (?) —... | | xX x ee 
Brill, Bothus rhombus, _... 553 | # in 
Ctenolabrus rupestris, L. (?) va | | i i 
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On the Spawning Periods of the Food Fishes. 


Fulton * has described the spawning periods of a number of fishes as 
regards the East Coast of Scotland. It is interesting here to find how 
far the West Coast agrees with the conditions of the East Coast. For 
this purpose a comparison may be made between Fulton’s observations and 
the data, so far as they are applicable, supplied by the work in Loch Fyne. 

Puaice. The spawning of the plaice, according to Fulton, from the 
examination of the fish, commences about the end of January, and con- 
tinues through February and a part of March. The only ripe plaice 
captured in January by the ‘‘Garland” were taken on Smith Bank 
(Moray Firth). Fulton, referring to this fact, mentions that this fish 
seems to spawn earlier on the North Coast than further south. 
Masterman,7 from a consideration of the published lists of eggs captured 
by the ‘‘ Garland,” fixed the spawning period of the plaice as extending 
from the beginning of February to about the 20th of May, with a 
maximum in mid-March. 

In Loch Fyne no plaice eggs were found up to February 19th; but 
between the 14th and 19th of March a considerable number were found 
there. In April (11th to 19th) they were most abundant. They were 
still present in May, and in June the five stations furnished four eggs. 
Plaice eggs did not after that date appear in the tow-net collections. So 
far as the year 1898 is concerned, then, the spawning period of the plaice 
is later in Loch Fyne than on the East Coast. 

Cop. A spawning period from the end of February to the end of 
May, chiefly March and April, is given by Fulton for this fish. Master- 
man substantially agrees with this. 

Two eggs of cod were captured on February 19th in Loch Fyne. In the 
following month the eggs were very common, andin April were extremely 
abundant. Twenty-eight days later, viz., May 9th-14th, the numbers had 
diminished by one-half. A fair number was captured in June ; in July 
one or two examples were found in the loch. As regards this species, 
the spawning periods on the East Coast and in Loch Fyne correspond 
almost exactly. 

Happock, The haddock spawns on the East Coast from the end of 
January to the end of April or beginning of May (Fulton). In the Firth 
of Forth this egg has been obtained as late as June 13th (Masterman). 

The month during which the eggs of this fish are most common in 
Loch Fyne is March. In April and May they are still present in con- 
siderable numbers. Spawning was continued into June. On January 
20th, an egg which appeared to belong to this species was found on 
Station II. It was, however, only in February that tiey appeared in 
appreciable quantity. For Loch Fyne the spawning period appears to 
extend from the middle of February till the middle of June. 

Wuitine. The eggs of this fish appeared in February, were present in 
March, and reached their greatest abundance in April. In May the 
quantity equalled about half that of the previous month. In Julv and 
August the eggs were also captured. The spawning period apparently lasted, 
then, in 1898 from February till August. For the East Coast the spawn- 
ing period is from early March to the third week of August, chiefly 
April (Fulton), a period which agrees closely with that of Loch Fyne. 

SalTHE, First appearing in February, they were found up till June. 
One or two eggs captured in July and August were also referred to this 
fish. 

*“ The Spawning and Spawning Places of Marine Food Fishes”: Highth Annual 
Report Fishery Board for Scotland, Part I11., p. 257 ; ‘‘Observations on the Reproduction, 
Maturity, and Sexual Relations of the Food Fishes”: Tenth Annual Report, Ibid, p. 232. 


+ ‘‘A Review of the Work of the ‘Garland’ in connection with the Pelagic Eggs of the 
Food Fishes” (from the Firth of Forth). Fifteenth Annual Report, Ibid p. 219, 
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Turspot, The eggs of this form were first found in March, and the 
uumbers steadily increased during the succeeding months, until the 
maximum was reached in June. They were fewer in July, and still 
persisted in August. From March to August, then, is the period in which 
spawning takes place in Loch Fyne. The spawning period on the East 
Coast lasts from April to July (Fulton). Masterman gives a period from 
mid-May to mid-July. In Loch Fyne the turbot, then, appears to spawn 
earlier than on the East Coast. 

MackerEL. The largest number of the eggs of the mackerel was 
obtained in July, a considerable number having been taken in the 
preceding month. In April two eggs were captured; but in May they 
were not found in the tow-nets. The eggs of the mackerel have not so far 
been recorded from Scottish waters. This fish, it is, however, well known, 
spawns in Loch Fyne in July aud August, and individuals with large roes 
are taken in cousiderable quantities in herring nets. 

Lemon Soute. The eggs of this species were captured in June, July, 
and August. From the numbers of eggs obtained during these months 
spawning seems to take place principally in June and July. On the 
Hast Coast, May, June, and July are the months devoted to spawning 
(Fulton). 

Britt. The eggs of the brill appeared in June and July, but in so 
small quantity that it is impossible to make any inference regarding the 
spawning period of this fish. So far these observations agree with those 
of Fulton in reference to the East Coast, though it spawns also in April 
and May. 

Das AND FLounpER. ‘The eggs of these two forms are very closely 
associated as regards their distribution and the periods during which 
they may be captured with the tow-net. In Loch Fyne these eggs 
appear in March, and are found each month up to August. They are 
both found in greatest abundance in April, and after May the flounder 
eggs decrease in number at a greater rate than do the eggs of the dab. 
In July and August only a few solitary flounder eggs were found. Dab 
eggs were still present in considerable numbers in July. 

For the flounder the spawning period on the Kast Coast is from the 
end of January until July, and for the dab the same period extends from 
the end of February to July (Fulton). Masterman gives for the flounder 
a period of from March 6th to June 22d, and for the dab a period from 
February 19th to August 29th. On the East Coast, then, these two 
forms appear to spawn earlier than they do in Loch Fyne. 

Brs. A solitary egg of this form was found in February. In March 
the eggs of the bib were abundant. They continued on till July, 
diminishing rapidly in number after April. According to M‘Intosh and 
Masterman,* the bib spawns in January and February. The period for 
Loch Fyne is much longer. Later in beginning, it lasts till July. 

Poor-Cop. This species appears to begin spawning in April and con- 
tinues doing so until July, the maximum being reached in June, although 
the number of eggs captured in May does not fall very far short of the 
June total. M‘Intosh and Masterman give for this fish a spawning 
period of from March to June. In Loch Fyne the spawning period begins 
one month later, and is continued for a month over the East Coast period. 

Lone RovucH Das. During the months of March, April, May, and 
June the eggs of the long rough dab are to be found in Loch Fyne. In 
April the largest number of eggs are deposited. Fulton gives for the Kast 
Coast from the end of January to the end of Aprilas the spawning period. 
M‘Intosh and Masterman add the month of May to that period. In Loch 
Fyne spawning begins later and does not cease until June. 


* Op. cit. 
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Potiack. The eggs of polla¢k were found in Loch Fyne in March, 
April, May, and June. February (?) to May is given as the spawning 
period by M‘Intosh and Masterman. 

Wirtcw. ‘The eggs of this form appear in Loch Fyne in April, and are 
to be found every month until August. May to September and May to 
July are the spawning periods given by Fulton, and M‘Intosh and 
Masterman, respectively. 

Line. The eggs of this fish were captured in April, May, June, and 
July, but not in sufficient numbers to warrant any inference as to the 
spawning period. 

SoLENETTE. Three eggs only were obtained—one each in March, April, 
and May. 

Rockne. The eggs of the different rocklings have not been separated, 
but the majority belong to the five-bearded species. Rockling eggs 
appeared in January along with the eggs of the dragonet, and were to be 
found in Loch Fyne right on till August. The largest number of eggs 
are found in April. 

The curve of spawning of a fish does not rise gradually to its greatest 
height and then sink at a rate equal to that by which it rose. The rising 
portion of the curve is usually much steeper than the sinking portion, In 
other words, there is more regularity in the time of the opening of a 
spawning period than there is in ending it. Very shortly after spawning 
has commenced the majority of the species will be spawning, and the 
height of the spawning period is soon reached ; but after the majority has 
ceased spawning a few individuals may carry on spawning for a month or 
more longer, and the curve acquires a very gentle downward slope. This 
may be seen by reference to Table XII, p. 96. It will 
be noticed that in many cases the height of the spawning of any one 
species takes place about a month or two months after spawning com- 
mences. The egg, however, is found for several months after the height 
of the spawning period is passed. In certain cases, which appear to be 
exceptions, the number of eggs dealt with is small, and therefore the date 
of the height of spawning may be wrongly fixed. A similar condition 
may be seen in the curves of spawning given by Fulton.* 

Draconet. The eggs of dragonet occur during the first eight months 
of the year. One ege of dragonet and seven eggs of rockling were all the 
eggs obtained in January, and eggs of these two species occurred each 
month after. The largest number of eggs was obtained in June; con- 
siderable quantities were, however, also obtained in April and May. The 
curve of spawning for this form does not agree with the theory advanced 
above, but so far as this research 1s concerned it is the only important 
exception. According to M‘Intosh and Masterman, the dragonet spawns 
from May to August. In Loch Fyne the spawning season begins four 
months earlier. 

On the whole the spawning seasons which have been determined on 
the Hast agree very closely with the spawning seasons in Loch Fyne, so 
far as concerns the year 1898. The date when a species may commence 
spawning varies from year to year, and correspondingly the last date 
upon which the ova of that species are to be found in the sea may be 
earlier or later from year to year. Allowing for that annual variation, 
it is probable that with further investigation the disparity in the 
spawning periods which is supposed to exist between the East and 
West Coasts may be altogether eliminated or at least restricted to a few 
species. 


*Tenth Annual Report of the Fishery Board, Part II., p, 242, pl. vi. 
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Stage of Development of the Eggs. 


The development of the pelagic egg has been conveniently divided into 
five stages by Hensen and Apstein.* Hensen and Apstein, in comparing 
the eggs as to stage of development, contrast in one Table the number of 
eggs in the first stage with the total number of egys (p. 54); and ina 
second Table (p. 67) compare the eggs of the first stage to the sum of the 
‘eggs in other stages. I have adopted the latter as the standard for 
comparison, and shall reduce the relation to a ratio for the sake of 
simplicity. They may be briefly described as follows :— 

Stage a.—From the fertilisation of the egg up to the formation of the 
blastoderm and the germinal cavity. 

Stage 6.— From the formation of the blastoderm up to the closure of 
the blastopore. When the blastopore closes the embryo is half round the 
yolk. 

Stage y.—From the closure of the blastopore up to the point in 
development where the embryo is two-thirds round the yolk. 

Stage 6.—From the end of Stage y. up to the point where the 
embryo is three-quarters round the yolk. 

Stage «.—From the end of Stage 6 up to hatching. 

Figures of corresponding stages are given by Hensen and Apstein. 

Nearly half of the eggs captured in Loch Fyne during 1898 were 
in the first stage of development (a). Of a total of 31,516 eggs, 15,000 
belonged to Stage a; while the other stages, 6, y, 5, and ¢€, were 
represented by the numbers 5691, 6424, 2295, and 1987 respectively. 
The eggs in Stage a are not, on an average, more than two days old, 
and in number they nearly equal the eggs which have reached later 
stages of development. The proportion of a eggs to eggs in other 
stages varies in each month, and varies also for each station. In this 
connection attention will be restricted to the principal spawning months— 
viz., March, April, May, and June. 


[ TABLE. 
* Hensen and Apstein. Die Nordsee-Expedition, 1895, Kiel, 1897. 
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TABLE SHOWING THE RATIO BETWEEN THE NUMBERS OF Eaas 
AT DIFFERENT STAGES OF DEVELOPMENT. 


| Ratio of par oH 
Stage. . p | ui 8 ; a to Xx for the Ks 
| (B a Oe €). stations. 
March. | | 
Station IL. 174 46 a2 D3 6 6 23] 
cae Ll 1607 912 | 609 293 185 ‘Sew 
Postibe 128712250 |. 146) 146 |. 112 19:1 12:1 
SE: 246 72 35 13 7 19:1 
BANE: 1531 600 175 54 26 eel 
April. 
Station I. 738 193 368 life 155 tee) eal 
ena ai 778 256 799 507 960 Reta 
rete (Ul 447 242 | 262 106 93 ovata | 15g! 
S omblaya: 207 158 DANE 43 40 EST 
eg: Vis 2028 Hana, 39 34 Ve eA 
May. 
Station I. 573 154 176 315) Vidi [Ie coal 
ag asta 0 194 | - 85 134 26 34 Whe Coll 1 Tae | 
Se a: 400 86 81 38 49 LAasel 
eee Les 182 44 92 42, 28 88: 1 
ae Ve 1056 287 676 189 38 88: 1 
June. 
Station I. 195 30 1l 1 — 46:1 
ee ale 259 86 118 10 2 1 ren | 
re tl 947 482, 305 25 9 1G ae | 68 : l 
eed Le 80 56 134 8] 33 260 Th 
aires We 716 496 946 303 86 39 : 1 
July. 
Station L 390 46 8 — 2 6:9F: 1 
Fh eae OU 266 30 7 1 — food | 93 : 1 
sara bl die 76 35 20 = as ese 
she Ae 82 | 48 293 40 24 Care| 
ee Vis 102 69 17 37 ily rea | 


The above Table has been prepared showing the ratio between 
the number of eggs in Stage a and the sum of the eggs in the remain- 
ing four stages (x) for each station, and for all the stations in each 
month. During March the ratio of a to x was 1'2 to 1; and on 
every station but one this ratio exceeded 1. ‘This indicates that at 
the date in March when the experiments were carried out a large 
number of fish had just commenced spawning, and the newly deposited 
eggs exceeded in number those which had been spawned during 
the previous two or three weeks, and which were still unhatched. 
During the April trip the ratio was found to be less than 1—viz., 
‘75 to 1. At this date, then, spawning had abated somewhat, and the 
number of eggs which were being added to the water did not quite 
equal those developing there. From the collections made in May it 
is seen that spawning had again increased, and the ratio borne by « 
to x equalled 1. In June there was a decrease in the number of 
newly spawned eggs; but in July they again nearly equalled in number 
the eggs at other stages of development. A comparatively small 
number of eggs were obtained in February, and of these the ratio of 
atox = 7 to 1. ‘The standard by which these different months are 
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here compared is quite an arbitrary one, and is only used in order to 
show the relation between the numbers of eggs just spawned and the 
numbers of eggs present in the waters at certain dates. It simply 
indicates increase or decrease ina, Ina single week after each of these 
dates it is quite possible that the ratio might have very materially 
altered. While we are dealing with the sum of the eggs of all species, 
the change from a minimum to a maximum spawning season for any 
individual species must also be taken into account. The large increase 
in the ratio of newly spawned eggs at any period is mainly due to the 
fact that a number of species begin spawning then. For example, in 
March the ratio of a to x is equal 1:2. In February seven species were 
spawning, and in March other eight species commenced to spawn. 
At the same time two species, haddock and bib, had reached 
their greatest spawning period; but the numbers of their eggs are so 
small as not to affect the main result. At the height of the spawning 
period of a fish the number of eggs in each of the stages ought to be 
very nearly equal, or at least ought to show a greater tendency towards 
equality than they would do in early or late portions of said period. 

Iu April six species commenced spawning, and for eight species this 
month was the main spawning time. We find, then, that the ratio of 
a to x is diminished by one-fourth—viz., to ‘75. 

Twenty-one species were spawning in May, but none of these was 
at its maximum; three species commenced spawning. The ratio has 
increased, and now equals 1. The ratio decreases again in June—viz., 
to °68. During this month seven species are at their main spawning 
period, and four species commenced spawning. In July the ratio is 
again increased—viz., to ‘9. Twenty-two species are still spawning ; 
five species have left off spawning. 

The five stations vary as regards the numbers of eggs in Stage a. 
The presence of large numbers of eggs in the first stage of development 
in any area may be taken as prima facie evidence that they were 
spawned somewhere in the neighbourhood, since, on an average, such eggs 
are not more than two days old. By the data supplied by the Table an 
attempt might be made to infer the location of the principal spawning 
places. It must, however, be borne in mind that the transport of 
floating eggs from one place to another may take place with considerable 
rapidity, especially in cases where the surface water is acted upon for any 
length of time by the wind blowing in one direction, or when the tidal 
movement is great. (See p. 119.) 

The proportion of eggs in each stage is shown diagrammatically in 
Plate III. A circle is used to represent 3600 eggs, and a segment of the 
circle proportional in size to their number is given to the eggs of each 
stage. The segments are contrasted by difference in shading. Tig. 1 
gives the key to the shading adopted, segment I. referring to Stage a, 
II. to Stage 6, III. to Stage y, IV. to Stage 6, and V. to Stage«c. It is 
at once seen from an examination of the plate that spawning appears to 
take place chiefly in the vicinity of Station V., at the very head of the 
loch. In April and May especially the proportion of early eggs was 
very great; and in March also they exceeded the sum of the eggs of 
later development. Stations II. and III. are also probably closely 
associated with spawning places. 

The eggs have so far been discussed without regard to species. Tables 
XIII, and XIV. give analyses of the eggs of the more important species 
with respect to the stage of development. Cod and haddock have been 
grouped together, as also have whiting and saithe. 
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In order that changes in the ratio of a to x during succeed- 
ing months of the spawning season, such as are seen when the sum 
of the eggs is treated, may be found also in the eggs of one species, it is 
necessary that the eggs of that species be present in considerable 
numbers. In the case of.those egos which formed the bulk of the tow-net 
collections the gradations are well marked; but species which are 
represented by comparatively few eggs do not furnish evidence in support 
of the rule. Again, if the eggs of any one species were obtained in 
sufficient numbers, a more correct estimation of the changes in the ratio 
would be discovered. A Table has been prepared showing the ratio 
of a to x for each month for a number of species, 


[ TABLE. 
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So far as this research bears evidence on the question, I shall take as 
the normal relation of a to x, that given by the eggs of the cod. The 
spawning season of this form lasts from March to June, and during the 
four months the ratios are 1°5, ‘74; °74, and ‘66 respectively. The ratios 
deduced from Hensen and Apsteiu’s Table for the eggs of the cod are 
considerably smaller. For their second trip, which took place in the 
beginning of March, the ratio was °6, and for their third trip, at the 
end of April, the ratio was then ‘4. In the middle of February 
the ratio was ‘8. In this case also, as the German authors point out, the 
proportion of early eggs is greater in the beginning of the spawning 
season, and diminishes towards the eud of the season. The ratios which 
I found to exist in the case of the eggs of the cod differ to some extent 
from those given by the sum of the eggs of all species ; but the latter are 
not, owing to their referring to a mixture of eggs of species having 
different spawning seasons, likely to be identical with the true ratios of any 
one species. The experiments in Loch Fyne were carried out once a 
month ; but in order to accurately determine the normal relations between 
the number of eggs of each stage at different periods, continuous observa- 
tion in a spawning area during the whole spawning season would be 
necessary. Weekly examination would be required in order to eliminate 
any irregularity or intermittence in spawning to which through meteoro- 
logical or other conditions the whole body of spawning fish may be 
subject. Hensen and Apstein also point out how the disparity between 
the numbers of early and further advanced eggs may be due (1) to the 
fact that the eggs in Stage « (about ready to hatch) may sink to a greater 
depth than the early eggs ; (2) to the destruction of the eggs in one way 
or another. From a consideration of the results of their North Sea 
expedition they are led to the conclusion that a very large percentage 
of the eggs die ; and that for every 100 eggs found in the water, 159 have 
been spawned and fertilised. And, further, of 100 eggs 35°9 only hatch. 
So far as my own observations in Loch Fyne go, I am unable to 
corroborate this estimate. On their second and third trips the German 
authors found, in certain collections consisting of 2600 eggs, 125 eggs of the 
fifth stage (ec), 2.¢e., one-twentieth of the whole. In Loch Fyne I obtained 
during the months of March, April, and May 6113 eggs, and of these 
529, or one-eleventh, were in the fifth stage. On Station II., however, 
in April, of 887 cod eggs 332 were in the fifth stage, the remaining eggs 
being arranged as follows :—Stage a, 157; 6, 67; y, 201; 6, 130. 

It is also necessary to remember the difference between a confined loch, 
like Loch Fyne, and the open sea. It is possible that many of the 
cod eggs collected in Loch Fyne were drifted in from the outside during 
their development, and this might increase the proportion of those found 
to be in late stages. 

As to the suggestion that the eggs in advanced development sink, 
Hensen and Apstein (0.c., p. 62) write regarding cod eggs:—‘In 5 
“vertical hauls, 22 eggs of the fifth stage were found at depths greater 
“than 20 metres[10 fathoms], and only one at a depth less than 5 metres 
“(24 fathoms]. In 9 horizontal tows [surface], which produced 828 eggs, 
“only 15 eggs belonged to the fifth stage. The eggs in the last stage of 
‘“‘development then seek greater depths. They sink to regions which are 
‘‘comparatively poor in living organisms, and where the darkness affords 
“them safe shelter.” 

My own records do not refer to a greater depth than 15 fathoms (27 
metres). Only in rare cases were cod eggs of the fifth stage found deeper 
than 6 fathoms. ‘The great majority was captured at depths less than 
6 fathoms. I give here an analysis of all the eggs obtained on 
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Station ITI. in April, and itis seen that- most of the advanced eggs were 
found close to the surface. This fact does not, of course, exclude the 
possibility that eggs do float at great depths, but it is conclusive proof that 
their doing so is not dependent upon the stage of development at which 
they have arrived. 


Station II., Aprit, 


| Depth in Fms. 0. B Vea ) € 
| | Mien 
0 285 28 124 81 230 
l 205 66 278 148 329 
2 96 of DORN oe 92 137 
4 69 34 94 | 48 99 
6 59 50 VOL) 70 110 
10 4] Ly 50 | £0) 35 
15 25 27 rh aaa an 20 


In the list of eggs published by Holt*, it is apparent that by far the 
largest number of eggs in his Stage III. [Stages 6 and «] were captured 
at the surface. On one occasion only—vicz., off Mewstone, March 30th— 
was any considerable number of eggs of that stage taken in the bottom 
net, 

Meekt also found in the shallow water off the coast of 
Northumberland that the eggs of any one stage in development were 
not characteristic of any particular depth. The same holds good for 
all species. In every case the vast majority of the eggs of Stage « 
taken on any station were found within 6 fathoms of the surface. 
On Station II., in March, of 185 eggs of all species in Stage « 178 were 
taken within that depth. At Station III.,in the same month, of 112 
eggs only 17 were obtained at 10 and 15 fathoms; while of 
960 eggs in Stage « captured on Station II. in April, 900 were found in 
the nets fishing between the surface and 6 fathoms. This is so for the 
following species :—Haddock, whiting, saithe, bib, dab, plaice, flounder, 
rockling, dragonet, mackerel, lemon sole, long rough dab. Of the other 
species present the numbers are too small to be of moment, but in no 
case do they disagree with the general statement made above. 

The five stations show characteristic features in respect to the stages 
of the eggs to be found in their vicinities. Station II. is specially 
remarkable for the numbers of advanced eggs of almost every species. 
This is seen in each month, but is more particularly noticeable in April, as 
a glance at Table XIII. will show. During March and April all of the 
stations furnished considerable numbers of eggs in the stages y, 6, and 
e. On Stations IV. and V. in May and June advanced eggs were 
common, and in the case of certain species were found only in these 
localities. Station III. in May supplied a good number of eggs of the 
three later stages. Tables XIII. and XIV. give an analysis of the eggs of 
a number of species only; they are all that it is necessary to publish. 
The other species, from the scarcity of their eggs, do not demand special 
attention in this connection. 


* Jour. Mar. Biol. Assoc., vol. v., No. 2. 
+ Report on Trawling Excursions, Northumberland Sea Fisheries Committee, 1897, 
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On the Number of Pelagic Eggs in Loch Fyne. 


In this part of the research Upper Loch Fyne only will be considered. 
Upper Loch Fyne is cut off sharply from the rest of the Clyde by its 
narrow entrance at Otter, 15 fathoms in depth. It is thus possible to 
consider it as, to some extent, an independent piece of water, and the 
data given by observations and experiments confined to this restricted 
area are perhaps more likely to lead to definite results on certain points 
than comparatively few observations scattered over a larger region. 

In order to determine the number of eggs in Loch Fyne two methods 
were employed, viz.:—By means of nets towed horizontally, and by 
vertical hauls. Neither of these are other than approximately accurate. 
On each station seven nets were towed horizontally for a distance usually of 
one quarter-mile, at various depths below the surface. The upper edge 
of the ring of the top net was as far as possible on a level with the 
surface. The other six nets were at depths of 1, 2, 4, 6, 10, and 15 
fathoms respectively. Each tow-net had a mouth 2 feet in diameter 
(radius } yard), and it may be here taken for granted that it filtered, in 
travelling a quarter-mile, a column of water equal to the superficial area 
of its mouth multiplied by 4 mile, te, — 2% x| i x 5062 cubic 
yards. 

The mile here referred to is a sea mile, which equals 20262 yards. 

1. The volume of water filtered by 7 nets —7 x 7? x 4 x 5062 
cubic yards. 

There are four stations (II., III, [V., and V.) in Upper Loch Fyne. 
Therefore the total volume of water filtered by the fleet of seven nets in 
working the four stations once = 4 x 7? x } x 5063? cubic yards — 
4954.2. cubic yards. 

u. The water area of Loch Fyne at low water — 28°5 square sea 
miles. The experiments were carried out in the upper stratum of water 
15 fathoms in thickness. The volume of water sampled at the four 
stations is equal to the area x depth. 28°5 miles square = 117,060,2662 
square yards. The volume of water sampled = 117,060,2662 x 30 
cubic yards. 

In order to obtain the number of eggs in the loch, the total number of 
eggs obtained on the four stations is to be multiplied by a coefficient 
which is found by dividing the volume of water in the upper stratum of 
15 fathoms by the volume of water filtered in obtaining these eggs. 


117,060,2662 x 30 
4954.2. 


Two errors are introduced into the above calculation—(1) It is assumed 
that all the water which the net meets passes through it, but that is not 
the case. The cloth of the net in this case is of fairly open material 
(see p. 80), and the quantity of water which flows over the edge of the 
mouth is probably comparatively small. This error, however, has the 
effect of giving too low an estimate. (2) The second error is incurred by 
taking the whole surface area of the loch instead of only that portion of 
the area beneath which there is a depth of at least 15 fathoms. But as 
Loch Fyne is very deep, even close up to the edge, and since the eggs 
were for the most part obtained from depths of six fathoms and less, a 
depth which is found very near the shore, the error is probably a small 
one. This error has the effect of magnifying the result. The errors 
numbered | and 2 will therefore to a large extent neutralise one another. 
A few of the tow-net collections have been lost, and allowance will be 
made for these in the calculations, 


ur. The CorFFICcIENT — = 708,872°72 
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During March the number of eggs of all species, when reduced to a 
quarter-mile tow, was 2913. If, then, we multiply this number by the 
coefficient, we should get approximately the total number of eggs in the 
loch at that time. In allowing for the loss of the contents of two of the 
nets, the factor has to be increased by one-thirteenth. 

Thus the approximate number of eggs in Upper Loch Fyne at the 
time of the March trip = 2913 x (708,872 + 54,528) = 2913 x 
763,400 = 2,223,784,000 eggs of all species. 

The total number of eggs of each species, obtained by filtering the 
standard volume of water, is multiplied by the factor, and the approxi- 
mate number of eggs of the species present in the loch at the time is 
obtained, This is done for each month, and the results are given in 
Table XV. In this case the eggs of cod and haddock are grouped, as 
likewise are whiting and saithe. 


TABLE XV.—EsTIMATED NUMBERS OF THE Eccs oF CERTAIN SPECIES 
PRESENT IN Upper Locu FYNE at THE PERIODS OF EXAMINATION. 


[The numbers denote millions. ] 
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The quantitative estimation of plankton has been carried to a high 
* degree of accuracy by Hensen. An adaptation of the vertical net invented 
| by him he found to be applicable to the estimation of pelagic ova in the 
North Sea. 

In Upper Loch Fyne vertical hauls with the net described on 
page 80 were made at four stations, but they were unfortunately found 
to be too few in number to give reliable results. 

In Loch Fyne, which is a comparatively small area, the eggs are not by 
any meaus equally distributed through its waters. Four vertical hauls were 
therefore too few upon which to base any approximately accurate calcula- 
tion. When the work was begun the difficulty caused by the diversity in 
richness of the water at different points was not foreseen, and was not even 
expected. Owing, then, to the vertical hauls being so few in number, a 
single haul on a comparatively rich station introduces, in estimating the 
total number of eggs, a serious error which only a very large number of 
hauls would eliminate. The distance between Statious IV. and V. is a 
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little less than four miles, but still, during every month but July, Station 
IV. was poorer to a remarkable degree than Station V. The distances 
between Stations II. and III. and between III. and IV. are eight and nine 
miles respectively. These distances are comparatively small, and one 
might have been led to expect that the strong tidal currents of Loch 
Fyne would have effectually distributed the eggs over its whole area. 
But that is not so, The question of the effect of the tidal current on the 
eggs will be discussed later. In the North Sea Hensen asserts that there 
iS extremely little dispersion of the eggs; that the eggs remain on the 
whole very near the locality where they. were extruded, In this reference 
Hensen excepts areas near the shore, where there are local currents which 
may tend to cause dispersion. If the eggs were equally spread over the 
loch, the contents of the vertical net would bear a fixed ratio to the 
contents of the horizontal nets for every station ; but this 1s not found to 
be the case. In April, for example, the following numbers of eggs were 
obtained for each station :—Station L., horizontal, 1625 eggs (vertical, 9 
egos); Station IIL., horizontal, 1150 (vertical, 127); Station IV., hori- 
zontal, 663 eggs (vertical, 16) ; Station IL. horizontal, 3297 eggs 
(vertical, 54); Station V., horizontal, 2982 eves (vertical, 52). A similar 
want of relation between the numbers for the stations during the other 
months can be seen on reference to Tables IV. to XI. This fact 
shows that even on one station the eggs are not equally distributed 
as regards number; and as the length of the station in that 
mouth, April, was one quarter-mile, it is evident that the diversity and 
variation in richness of different parts of the water are so great that no 
practicable number of vertical hauls would be sufficient to give a correct 
estimate of the numbers of ova present. A similar, though not quite so 
marked, want of relation is to be seen also in the quantities of, copepods 
taken by the horizontal and vertical nets respectively. (Vide Tables 
TV exe 

In so far as Loch Fyne is concerned, then, the only method by which 
even an approximate estimate of the number of eggs may be arrived 
at is that of examination by means of horizontal towing. 


The calculated number of eggs which were floating in Loch Fyne at 
the time of each visit is given in the vertical column marked ‘“ Grand 
Total.” The examination of the stations occupied one week each month, 
and the number of eggs stated in the above column may be taken as 
approximately representing, within necessarily wide limits, the 
number of eggs in the loch during that week. There was an in- 
terval of three weeks between the end of one trip and the beginning 
of the next. During the interval eggs were spawned and hatched, 
and it is by no means an _ easy matter to make an allowance for 
them in the attempt to arrive at the total number of eggs which have 
been there. One unknown factor, at least, has to be reckoned with, and 
that is, Does spawning take place regularly or intermittently? We know 
that for the individual spawning is intermittent, but how is the majority 
of the spawning fish affected? Does the majority of the fish spawn 
simultaneously, and simultaneously leave off spawning 4; or is there during, 
say, the main spawning month a somewhat similar number of ova 
extruded daily? Another point to be considered is the length of 
incubation. This is dependent on the temperature of the water. In 
Table XVI. are given the temperatures of the water at the surface, 74 
and 15 fathoms, at the times of the different trips. During March, pil, 
May, and June the surface temperature varied from 6°5 to 14-4 deg. C.; for 
74 and 15 fathoms, the extremes were 7°6 deg. and 10 deg. 8: 5 deg. C. 
may be taken as a rough average for the period of four ‘months, Ata 
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temperature of 8 deg. C., according to Dannevig*, the plaice egg hatches 
in 143 days, haddock in 13, cod in 13, whiting in 10, and flounder in 
54 days. 

If spawning were known to proceed in a regular curve without 
spasmodic periods of activity, it might be comparatively easy to estimate 
the probable number of eggs that had been spawned in the intervals 
between the trips; but nevertheless I am inclined to the view that in 
doubling the numbers of each species no serious over-estimate will be 
made. Much, indeed, might be said in favour of a larger increase. So 
far, however, this is a matter of opinion and not founded on exact data. 
The totals, therefore, given at the bottom of the Table probably represent 
the minima for each species during the eight months. 

Out of a total of 30,700 millions of eggs of thirty-two species 
estimated to be present in the loch in 1898, 8,000 millions were the eggs 
of cod and haddock, These were the eggs which appeared in greatest 
profusion, although the eggs of the whiting and saithe were not far short 
of that number. It may be worth while here to give the estimated totals 
for the period. 


Plaice. Cod and Whiting and Turbot. Mackerel. Lemon Sole. 
Haddock. Saithe. 


Estimated Number of 
Eggs presentiu Upper | 
Loch Fyne during the 
seven trips — Feb.-| 241,800,000 } 4,020,000,000 | 3,281,000,000 182,000,000 178,000,000 225,000,000 
August 


Estimated Number of 
Eggs in Upper Loch 
Fyne during the a eae 
Hight Months of 1898 


483,600,000 | 8,040,000,000 | 6,562,000,000 | 364,000,000 | 450,000,000 


As a basis of comparison with other areas, the number of eggs to each 
square yard of water surface is given in Table XV. Henson and Apstein 
estimate for the North Sea 92‘5 eggs and fishes for each square metre. 
My observations give for the period from March to July the average 
number of eggs for each square yard of water surface at 25°8 eggs. 


Comparison between the numbers of Ova and the volume of Copepoda, etc., 
found on each Station. 


The meshes of the tow-nets were sufficiently small to retain a portion 
of the plankton—viz., the Copepoda and Zoée, All the collections were 
preserved and roughly measured in cubic centimetres. The Copepoda were 
transferred to spirit, and when they had settled at the bottom of the vessel, 
the volume was read off. With this method a certain quantity of spirit is 
necessarily included in the volumes obtained; it is simply a rough and ready 
means of comparison between stations and months. In order to give an 
indication of the absolute quantity, the number of Copepods in a certain 
volume—for example, °5 or lcc.—was from time to time counted. The 
number of individuals in lec. varied from month to month in accordance 
with the kind of Copepods present. In certain collections large Copepods — 
e.g., Calanus finmarchtcus—alone were present; in others the vast majority 
were young forms, and in still other collections the large and small 
Copepoda were mixed in various proportions. In order to satisfactorily 
overcome this great diversity in the quality of the takes, Hensen’s plankton 
method, as the most accurate one, would require to be adopted ; but the 
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estimation of the plankton was not an essential part of the investigation. 
[have therefore not attempted to estimate exactly the quantities of plank- 
ton, and have taken the rough volumetric measurement as a sufficient 
standard of comparison in the present case. 

In Tables TV.-XI. are given the volumes of Copepoda taken in 
each net, on each station. With the volume of the take there is 
given, by means of letters, some indication of the composition of the 
collection. The letters used and their significations are as follows :— 
a = large Copepoda, e.g. from about 2°2-3°5mm. in length (cf. Calanus) ; 
y = small Copepoda, eg. from ‘8-l1'6mm. in length; EK = pelagic 
Crustacean eggs,* apparently belonging to a Copepod. This egg measures 
‘35mm, in diameter. There is a large perivitelline space, and the zona 
has a diameter of ‘65mm. It was obtained in all stages from that of 
early segmentation to the formation of the nauplius. The letters 1.¢. 
mean large quantity; Z means Zoée, and M, Hydromeduse ; C stands for 
Copepoda. 

When the letters are used without numbers each signifies, if used alone, 
that the take consists wholly of the one form which the letter stands for ; 
when accompanied by other letters the presence of individuals of that form 
is noted. In order to show the proportions in which the Copepoda, Zoée, 
Meduse, etc., are present, figures are joined with the letters, and signify 
that so many parts of the collection consist of one or the other group. 
Thus 2 y., 1a, 3 Z., 5 E., M, serve to record that the tow-net collection 
consists of 2 parts of small Copepods, 1 part large Copepods, 3 parts 
Zoée, 5 parts pelagic Crustacean eggs; M indicates the presence of 
Hydromeduse. 

The following particulars refer to the relation between the volume and 
the number of Copepods in different months and on different stations. 
They may serve as a basis for comparison with other localities. 


JANUARY. Station I., Vertical Net, Volume 6°5cc.=1531 Copepods. 


HEBRUARY.) 9) 554/20 I.c m a 1‘5cc. =360 “ 19 Zoée, 
a ot badass a x 5'dec.=1828 33 

Marcu. me ail, “p = 2cc.=276 “3 9 Zoée ; 

59 Crustacean eggs. 

bp 5 cae Le - a lcce.=95 Copepods; 50 Zoée ; 

180 Crustacean eggs. 

5A iat ot , (G-fms Net, iy ‘5cc.=334 Copepods (y.); 198 


Zoée ; 521 Crustacean eggs and Nauplii. 


APRIL. 4 I., l-fm. Net, Volume 6°5ce. (4 y., 1 a.)=3,500 Copepeds. 
May. » _1., Vertical Net, 1,000 Copepods (2 y., 1 a.)=2-5cc. 
53 Ae ll i 1,000 as (1 y., 2 a.)=8ee. 
5 sy LDL, ae 1,000 an (a. )=5ce. 
es Bee AV a 500 ra (a. )=2°5cee 
os ae een . 500 . (mainly a.)=8cc. 
JUNE. a i. PP 500 $3 (a. )=3'5ce, 
A ng Ts ag 500 a (a. )=3ce 
345 “ERT: Ke 500 - (ly., 1 a.)=2ce 
Fe sella i, 3 500 As a. )=4ce 
a bag eh Wes e 500 5, and Zoex, (1 y., 2'a., 3 Z.) 
=2ce 
JULY. ee Lie Satine Nets 500 aS 5 (iy. sla. 22) 
=1°dcce. 
a” mn LV. Vertical Net,» 493 », (average size, 2°l1mm.) and 
7 Zoée=1-°75cc. 
} aml Wiig a 485 5, (average size, 2°lmm.) and 


15 Zoée=1'5cc. 


Nyctiphanes norvegica and Eucheta norvegica, though usually confined 
to great depths, have been found by Murray? at the surface at certain 


* Found also in St. Andrew’s Bay. Vide M'Intosh, Tenth Annual Report Fishery 
Board for Scotland, Part TII., p. 301. 

+ Murray—‘‘The Effects of Winds on the Distribution of Temperature in Sea and 
Fresh- Water Lochs of the West of Scotland.” Scottish Geographical Magazine, July 1888, 
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states of the tide and during strong winds. At Station II. in February 
one specimen of Wyctiphanes and sixteen examples of Hucheta were 
taken in the surface net, and five Hucheta in the vertical net ; on Station 
LY. in the same month the vertical net furnished one Nyctiphanes. In 
March on Station II. one Nyctiphanes was found in the surface net, and 
three examples in the one-fathom net. A number of young Nyctiphanes 
were taken at the surface on Station II. in July, and in the vertical net 
on Station I. one Hucheeta was obtained. In February at Stations II. 
and IV. when the examinations were made the tide was at half-ebb, and 
the wind was N.W., force 3, and 8.W., force 4, respectively. In March 
at Station Il. the tide was again at half-ebb, and the wind, which was 
W., was of force 5. At Station II. in July the wind was westerly and 
light; the tide, 1 bour flood. 

A chart has been prepared giving the curves formed by the volumes of 
Copepods, etc., taken in the horizontal nets during the period of eight 
months (Plate [V., B). A separate curve has been made for each station. 
The vertical axis is divided into centimetres, each of which represents a 
volume of 100cc. of Copepoda, ete. The curves are distinguished from 
one another by the different colour and character of their lines; in 
addition, the curve is labelled throughout with the number of the station 
to which it refers. In C (7b.) is given the curve for the total volume of 
Copepoda obtained each month. It is fairly regular, though rising 
abruptly in April. In January, February, and March the Copepoda 
remained fairly constant in quantity. During March, as will be seen from 
reference to Table VI., there were large quantities of pelagic Crustacean 
—probably Copepod—eggs in the waters of Loch Fyne, but they were 
confined mainly to Stations I., I, and IV. in the following month the 
numbers of Copepoda increased enormously, and from reference to Chart 
B it will be seen that the increase took place mainly on Stations ILI. and 
IV., although all of the stations show very great increments. The 
increase is due to reproduction—which in the group of Copepoda appears 
to be extremely rapid—and the collections are almost entirely composed 
of young Copepods of all stages; so far as can be roughly judged, the 
form most abundant is Calanus finmarchichus. Calderwood * referred to 
the “appearance of Copepods in greater and greater numbers until, when 
the herring fishing is at its height, the Copepods are in vast abundance. 
At this season the prevailing species is Calanus jinmarchicus, which 
occurs in sufficient numbers in certain places to colour the surface of the 
water. It is the species which serves as the principal food of the Loch 
Fyne herring during the summer.” Murray 7 also records the occurrence 
of vast numbers of crustacean, fish, and other eggs coincident with the 
appearance of immense floating banks of diatoms between the end of 
January aud the firstof May. In April the temperature of the water at 
Stations III. and IV. was higher than at Station I., and that may to some 
extent account for the fact that the Copepoda at the former stations 
reproduced their species so much more rapidly than at Station I. In 
May, while the total volume of Copepoda remained the same as in April, 
great change had taken place at the different stations. The quantities on 
Stations I., II., and V. had steadily risen, while Station IIT. showed 
a fair decrease, and Station IV. a decrease almost as rapid and extensive 
as its former rise. The depletion of Station IV. may be in part due to 
drift, but if that were so, the same drift which robbed Station IV. ought 
to re-supply it from Station V. In May, then, the main mass of the 
Copeopoda was further down the loch than in the previous month. 


* Calderwood—‘‘ Notes on the Copepods of Loch Fyne,” Fourth Annual Report of the 
Fishery Board for Scotland, p. 147. 
+ Op. cit. 
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Whether this is to be ascribed to a drifting of the mass of Copepoda from 
one locality to another, or whether it is that the Copepoda in different 
localities reproduce in succession and not simultaneously, or whether it is 
owing to their having sunk to a lower level than 15 fathoms, is not easily 
settled. In June, on Station I., the rapid increase seen during the 
previous month was maintained, and the well-known condition of the water 
of Lower Loch Fyne, as regards Copepoda, is attained. Brook,* in 
noticing this fact, said—‘‘ Whether the myriads of Calant are bred in 
Loch Fyne [Lower Loch Fyne is here referred to] or enter it in the 
spring I have not determined. It is, however, a significant fact that 
the herring enter Loch Fyne as the Crustacean becomes abundant, and 
begin to leave it again as the stock gets exhausted. In July the number 
of Calant decreases rapidly, and in September was reduced to that found 
in the beginning of the year.” The statements contained in the preced- 
ing sentence are correct so far as they are used with reference to the 
surface water ; but proof is wanting that they are true so far as the deep 
waters are concerned. The herring does not usually enter Loch Fyne 
until May. They are then to be found in Upper Loch Fyne, but 
statistics are wanting at present which would serve to connect the move- 
ments of the herring absolutely with the appearance of Copepods in 
abundance. That the presence of the Copepoda is what attracts the 
herring to Loch Fyne is probable. It might therefore be possible to in 
some way announce the probable arrival, or perhaps to locate shoals of 
herring by data afforded by an examination ef the pelagic life of the 
water. This has been done for the Baltic by the Norwegian observer 
Hjort.— During the first month of the herring fishing in Loch Fyne 
success is very slight indeed. Comparatively few herrings are in the 
loch, and their capture is a mere lottery. An amplification of this plankton 
work in Loch Fyne and other districts might afford important 
results. Data of importance would be obtained, and these might in some 
measure help to reduce the element of chance which governs the 
herring fishing. 

In June all the stations except I. showed great diminution in the 
number of Copepods, but in the following month the numbers increased at 
the head of the loch (IV. and V.), and in the remaining three stations no 
more Copepoda were obtained than in March. The diminution on 
Station I. was excessively rapid. In August all the stations became still 
poorer, and reached a stage in which Copepoda were practically altogether 
absent from the surface down to 15 fathoms. Where the Copepoda went 
to is a question of some importance. That they were drifted out of the 
loch is not by any means probable. The reasonable explanation is that 
they sink to lower depths. In August tow-nets were used on the 
“Garland” at various depths down to 80 fathoms, and at 40 fathoms 
Copepods were found to be abundant. There are in the present 
research no data referring to greater depths than 15 fathoms, and so it is 
not possible to say whether or not the same wealth of Copepoda did or 
did not exist at the greater depths contemporaneously with the abundance 
in the 15-fathom stratum. The question as to the depths at which 
Copepoda and pelagic ova float will be treated later. 

On reference to the curves formed by the number of eggs, A and C, 
Plate IV., we see that, as in the case of the Copepoda, there is a sudden 
rise in April, but whereas in the case of the latter, Stations III. and IV. 
were most concerned, Stations II. and V. were responsible for the increase 
in eggs. Station IV. showed a very sudden decrease in Copepods in 


* Fourth Annual Report Fishery Board for Scotland, p. 47. 
+} Hydrographic Biological Studies of the Norwegian Fisheries. Christiania, 1896. 
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May, and Station II. showed a corresponding diminution in the quantity 
ofeges. The remaining two stations decreased slightly, III. as regards 
Copepods and V. as regards eggs. The ova increased in June on Stations 
III. and V., but remained at the other stations fairly constant in 
number. July witnessed a large fall in the total, though two of the 
stations—viz., I. and IV.—showed a slight upward tendency. In 
August the eggs practically vanished, as did the Copepoda. 

The curve formed by the Copepoda i is a regular though very steep one. 
The curve for the eggs shows two peaks, indicating, what has been 
already noticed, a reduction in spawning during May. 


On the Levels at which Pelagic Eggs and Copepoda Float. 


The question as to what conditions affect the vertical distribution of 
pelagic eggs and Copepeda is an interesting one. That pelagic ova are not 
absolutely confined to any one depth is well known, since tow-nets 
attached to a bottom trawl when in shallow water usually bring up some 
eggs. While it is of course possible that in all cases some eggs may be 
taken from the surface by such open nets while descending and ascending, 
the total number of eggs captured cannot be always accounted for in this 
way. M‘Intosh,* referring to the pelagic eggs obtained by the Garland 
in St. Andrews Bay in 1891 and 1892, says Ee Generally speaking, the 
bottom trawl-like tow-nets, or other tow-nets used on the bottom, gave the 
largest number of ova, aud besides, they were most productive of fishes, 
and these at a more advanced stage.” The depth on the stations in St. 
Andrews Bay varies from 6 to 12 fathoms. In the Firth of Forth at 
Stations V. and II., where there are depths of 25 and 13 fathoms 
respectively, a considerable number of eggs were obtained in the bottom 
net. At Station V., Firth of Forth, a tow-net at 12 fathoms produced 
about 100 eggs, and a net towed 6 to 10 fathoms under the surface on 
Cross-section II, is credited with about 1500 eggs. One-fathom tow-nets 
on Cross-section I. contained large collections of eggs. On the majority 
of the stations of the “Garland,” the depth on which exceeds 20 fathoms, 
eggs were conspicuous by their absence i in the net attached to the trawl. 
Other collections of eggs described in the reports by Masterman,7 
Williamson,t Wallace,$ Kyle,|| lend additional evidence in support of this 
statement.4] In the report by Kyle there are collections made in Loch 
Fyne at various depths up to 6} fathoms. At the latter depth consider- 
able numbers of eggs were obtained at the head of the loch, and above 
Otter Spit; but the net at 1 fathom produced a greater number than 
either the 6-fathom or 24-fathom net. The collections made at the latter 
depth were smaller than those made at 6 fathoms. 

The buoyancy of a pelagic egg is, as Fulton** has proved, due to the 
‘‘entrance into the ovum of a large quantity of watery fluid of low specific 
gravity.” The same author found “a considerable variability in the 
specific gravity of the eggs of the same species and of the same female.” 
A batch of fertilised eggs of the plaice in the multicelled stage had a 
specific gravity ranging “from 1024-1026. Cunningham? found that for 


* Tenth Report of the Fishery Board, Part I1I., p. 301. 
250. 


+ Eleventh Report 3 a p- 

+ Thirteenth Report 5 43 p. 258. 
SF ourteenth Report 45 a p. 223. 
|| Fifteenth Report p. 246. 


{| Vide also Scott, Sz. xteenth ’ Report of the Fi shery Board. 

** “On the Growth and Maturation of the Ovarian Eggs of Telostean Fishes,” Stz- 
teenth Report of the Fishery Board, p. 88. 

+t Journal Mar. Biol. Assoc., ‘ 1889, p. 25. 
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the mackerel different individual ova vary in specific gravity within narrow 
limits. Hensen and Apstein (op cit) say—‘“‘Since the specific gravity of the 
eggs seems to adjust itself to the density of the water, what governs their 
vertical distribution has yet to be demonstrated. Out of 446 eggs, 104 
were floating at a depth of 5 metres [24 fathoms]; of 148 eggs, 28 
were found at the same depth, 43 at 20 metres [10 fathoms], and the 
others—viz., 77—at still greater depths.” In this connection Holt £ 
remarks— ‘I have no hesitation in saying that the buoyancy of an egg in 
ordinary offshore water is subject to fluctuations which are explicable 
neither by species, degree of development, nor obvious physical and 
meteorological causes.” It is not surprising that, in a property requiring 
so exact an adjustment as the specific gravity of the egg, considerable 
variations should occur. It is well known that considerable varia- 
tion occurs in the size of the egg; a certain amount of variation in 
specific gravity must almost necessarily also be present. This fact then 
offers a sufficient explanation of the fact that the eggs do not all float at 
one depth. It is very improbable that the specific gravity of an egg will, 
on its extrusion, change through its contact with sea water. Whether 
during the development of the embryo a change in specific gravity occurs 
in consequence of physiological processes may be in the meantime disre- 
garded. ‘The eggs will rise to levels where the specific gravity of the 
water is equal to theirown, and while the main mass of the eggs will be 
found floating within certain limits ef depth, a considerable number will 
have remained scattered at various greater depths ; and even if the main 
mass does not lie very close to the surface, certain examples will have 
made their way there. This is borne out by the study of the distribution 
of eggs in Loch Fyne. Cf. also Meek—Report on the Trawling Excur- 
sions of Northumberland Sea-Fisheries Committee, 1897. 

The ova in the surface stratum of water 15 fathoms deep in Loch Fyne 
were found distributed at various depths, but the majority were obtained 
between the surface and 6 fathoms. On certain occasions no eggs were 
taken at a greater depth than 6 fathoms; and as a rule the mass of eggs 
was found to float closer to the surface than 4 fathoms. I have prepared 
a Table showing diagrammatically the numbers of ova taken in the nets 
at different depths on each station (vide Plate V.). The unshaded 
figures refer to pelagic eggs. The breadth of the figure at each depth is 
proportional to the number of eggs taken at that level. The depth is 
shown along the vertical margin. Thus at the depth where the figure is 
broadest the majority of the eggs was taken. The varying breadth indi- 
cates the unequal dispersion of the ova. The figures are not all made on 
one standard. In the space at disposal that would have been impossible. 
Some of the collections contain very few eggs, and in order to have a 
figure consisting of something more than one line, a larger unit was required 
than for the large collections. They, however, show at what depth the 
main mass of eggs was floating, and what proportion that mass bore to the 
rest, In certain cases the figure indicates that the majority of eggs was 
within two feet of the surface (0 fathoms in Plate), and as the depth 
increased the number of eggs gradually and regularly decreased in numbers, 
thus giving a regularly tapered outline to the figure. (See Station I, 
April, May, and July ; Station II., March and July; and Station IILI., 
March.) Others show that the main mass floated a little below the 
surface—e.g., 1 fathom; and from that level downwards the figures taper 
gradually. (See Station II., April; Station IIL, June; Station IV., 
June.) Again the majority may be found at 4 fathoms—e.g., Station I., 
March ; Station IV., April and May; Station V., April. There is no 
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ges 
down as 6 fathoms (except in Station II., May, and the superiority of 


this net over the others is a slight one), but there are several cases in 
which proportionally a considerable number of eggs were obtained at that 
level (Station IV., March, April, and May; and Station V., July). 
Another fact displayed by the figures is, instead of the eggs appearing 
mainly at one level and diminishing regularly in number as they recede 
from it, two different levels may be found well supplied with eggs, while 
between them a much less rich region isfound. This is shown at Station 
I. in March and Station ILI. in June, where the intervening levels—viz., 
1 and 2 fathoms—are respectively poorer than the levels immediately 
above and below. Again, intervening regions may be almost destitute of 
egos—e.g., at 4 fathoms in Station [II., February ; 2 fathoms, Station V., 
July and August. In short, so great is the diversity that it 1s very 
difficult to reduce the facts to any fixed rule. One point is noticeable, 
and that is how generally a large proportion of the eggs were found within 
two feet of the surface. At Station V. in April, July, and August, when 
the surface water was of low salinity—e.g., 1°52, 1°319, and 1°739—no eggs 
were obtained in the surface vet. They were, however, found at 1 fathom. 
This shows that the low salinity did not extend much below the surface. 
On Station IV. in April, and Station V. in June, eggs were obtained 
within two feet of the surface, but they were few in number. The 
salinities in these localities were, in the months referred to, 2°31 and 
2°75. The fact of the presence of the eggs within two feet of the surface 
shows that the water of low salinity was confined to within less than two 
feet of the surface. 

In Tables I[V.—XI. is given the velume of Copepoda taken in each net, 
and from these data shaded figures have been drawn on a plan similar to 
that adopted for the eggs. The breadth of the figure at any depth is 
proportional to the volume of Copepods taken at that level. A glance at 
the shaded figures shows a point in which they differ very much from the 
figures of the egg collections-—viz., in the acuteness of their apices. While 
it was common to find a large proportion of eggs at the surface, the rule 
in April, May, June, July, and August was that a very minute proportion 
of Copepoda was to be found within two feet of the surface. In February 
and March this was found to be the case on certain stations ; on most of 
the stations in January, however, and certain stations in February and 
March, a considerable proportion of the total amount of Copepoda was 
found floating close to the surface. 

Station V. is a notable exception for January. On reference to the 
Salinity Table (XVI), p. 130, the absence of Copepoda from the surface 
would appear to be due to lower specific gravity of the surface water. 
This is the case with regard to certain stations—viz., Station V. in January, 
and Station IV. in April, May, June, July, and August. At the latter 
station in May, June, and July, although the surface water was of less 
than normal salinity—viz., 2°8, 2°49, and 2°72 per cent. of total salts— 
the respective specific gravities being 24°6, 21:8, and 23:°2—large numbers 
of ova were floating close up to the surface. This indicates a point of 
great difference in the behaviour of eggs and Copepods——-namely, that 
pelagic eggs may be found in considerable numbers close to the surface 
at a time when the surface water is of a comparatively low salinity, while 
Copepoda are withdrawn to lower depths. A condition of lower salinity 
does not, however, explain the absence of Copepoda from the surface on 
all occasions. Whether this may be due to the fact that the work was 
carried on in daylight only, is possible. Itis well known, from the results 
of the “ Challenger” and other Expeditions, that the pelagic fauna sinks in 


indication in any of the figures of the main mass of eggs being as deep 
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daylight and comes to the surface at night. But as all the experiments 
were carried out in Loch Fyne during the day, such a reason would not 
agree with the fact that a considerable proportion of the Copepoda 
was found at the surface on several stations in January, February, and 
March, and at Station III. in April, and at Station II. in July. Varia- 
tions similar to those seen in the figures for the egg collections are to be 
seen in those of the Copepods. In many cases the figures take a spindle 
shape, tapering upwards and down from the level where the majority is 
floating, which at Station I, May, and Station IV., June, is at six 
fathoms. We have also barren intermediate regions represented, viz., at 
six fathoms on Station II., March, and at ten fathoms Station V., July. 
On the whole, however, the Copepod figures are more regularly spindle- 
shaped than the egg figures. The amount of vertical dispersion is 
greatest in January, February, and March, and in July and August, 
while during April, May, and June the Copepoda in the 15-fathom 
stratum are on most of the stations concentrated at a depth of four to six 
fathoms. This concentration coincides with an increase in the salinity of 
the water. In August the Copepods had almost entirely disappeared from 
the 15-fathom stratum at Stations I. and IJ. On Station I. the seven 
horizontal nets produced 39 Copepods; at Station Il. 41 Copepods were 
taken at 15 fathoms; and 8 Copepods in the remaining six nets. A few 
Copepods were found at Station III. from four fathoms down, and on 
Station IV. four individuals were captured at the surface. At fifteen 
fathoms they were fairly numerous. Station V. furnished the largest 
number of Copepods, but they were in small quantity. The figure which 
is introduced into the Table for that station is greatly exaggerated in 
order to bring out the relations of the quantities at different depths. On 
the whole, the centre of suspension for Copepoda is lower than that of the 
eggs. The close association of pelagic eggs with Copepods results in their 
being eaten by the herring. brook found pelagic eggs in the stomach of 
that fish. 

iVote.—In the preparation of the figures in Plate V. an allowance is 
made for the fact that the nets, in sinking to the depth at which they are 
intended to fish, capture a certain number of eggs and Copepods. They 
fish also while being hauled to the surface. The nets the takes of which 
would be most affected by this fact are the 10 and 15 fathoms nets, and 
since the area of the mouth of one of the horizontal nets is very nearly 
equal to half the area of the vertical net, the collection taken in the 
vertical net on the station is regarded as approximately equal to what the 
horizontal net captures in its downward and upward journeys. ‘This 
quantity is therefore subtracted from the takes of the 10 and 15 fathoms 
nets on each station. 


On the Drift of the Eggs. 


Fulton’s * investigations in connection with the currents of the North 
Sea, while resulting in the determination of the direction and rates of the 
surface currents, have so far not resulted in proving the depth of these 
currents. In Loch Fyne, according to Mill, 7 “the tidal current is not 
‘“‘merely superficial. That the tide sweeps across at Otter to its full 
‘‘depth is proved from salinity observations. . . . The current of ebb 
“tide evidently affects the water to a considerable depth, at any rate in 
“the Gortans basin. . . . An average velocity of 1 knot for the 
“surface current appears from the Admiralty charts to be the maximum 
‘estimate of the surface tidal currents in Loch Fyne. At that rate, since 

* “On the Currents of the North Sea,” Fifteenth Annual Report Fishery Board for 


Scotland, Part III., p. 270. 
+ Clyde Area (op. cit.). 


120 Part [1I.—Seventeenth Annual Report 


“the ebb stream lasts about one hour longer than the flood, a given 
“particle of water on the surface would be carried one mile down the 
“loch by each tide, supposing the weather calm.” He states that “ the 
“ tidal current, according to the Admiralty publications, euters Loch Fyne 
“at Otter at the rate of 35 knots, passes through the Gortans Basin at 
‘2 knots, increasing to 24 at Minard Narrows, but then slackening until, 
‘off Dunderawe, near the head of the loch, it is reduced to 1 knot.” 
In 1896 (8th September) the result of observations made by Mill* on the 
tidal current at Otter gave a rate of about #-knot an hour for the last half 
of the fiood, and about 1 knot an hour for the ebb. ‘A _ great 
“accession of fresh water on the surface must necessarily, by raising 
‘“‘the level, accelerate the ebb tide... . . On the other hand, after a 
“long dry spell, the tendency of evaporation would be to lower the 
‘“‘oeneral level, and so accelerate the flood tide.” 

In the absence of sufficient data bearing upon the tidal currents over 
the whole loch, it is not possible to effectively discuss the effects which 
these currents have on the distribution of the pelagic eggs. It is 
very clear, however, that, from the rate of the current in the Gortans 
basin and at Otter, a large proportion of the eggs floating at Station IT. 
will probably be carried out into Lower Loch Fyne with each ebb. From 
Station IIT. those eggs at least which were close to the surface would be 
subject to drift, and should in a few days arrive at Otter. From Stations 
IV. and V., however, taking the drift down the loch at the average of 
1 knot per day, the eggs would be hatched long ere they reached the 
Gortans basin. The surface eggs would be all subject to the drift, but 
how far any eggs floating at some depth below the surface would be 
affected only further investigations can determine. It is at least evident 
that those eggs which vary by having a specific gravity a little less than 
the average will be first acted on by surface currents, and so the variation 
in specific gravity in the eggs of a species has an important bearing upon 
their distribution. It may at least be confidently stated that a large 
number of eggs spawned in Upper Loch Fyne go to enrich the waters of 
the lower loch. It must, however, be borne in mind that the spawning 
of the fishes in Loch Fyne has been inferred only from the presenee of 
their floating eggs there, and not from an examination of the fishes them- 
selves. From the fact that large numbers of eggs in the later stages of 
development were found on Station IL., it might be inferred that they had 
drifted there from regions further up or further down the loch. Murray 
has shown that the winds are important factors in the formation of 
currents.’ He has shown for Loch Fyne that a strong southerly wind will 
heap up the surface waters at the head of the loch, while the place of the 
water transported from regions further down the loch is partly supplied 
by the upwelling of water from below. Strong southerly winds, as well 
as flood tide, may carry into Loch Fyne the ova which are floating 
outside, and so two causes might be cited for the occurrence of large 
numbers of advanced eggs at Station I1.—viz., (1) a drift down the loch 
through currents due to northerly winds and the ebb tide, and (2) trans- 
port of eggs from the lower loch into the upper loch by currents induced 
by southerly winds and the flood tide. = 

The Copepoda will also be subject to the various currents, but, from the 
fact that they on the average float at greater depths than the eggs, their 
drift must be slower. It is not, therefore, probable that the 
presence of vast numbers of young Copepods on the lower stations, subse- 
quent to their appearance at the head of the loch, is in any important 
respect due to drift. 

* Fifteenth Annual Report of the Fishery Board, Part III., p. 270. 

+ Murray. “The Effects of Winds on the Distribution of Temperature in Sea- and 
Fresh-Water Lochs of the West Coast of Scotland.” The Scottish Geographical Magazine, 
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On THE LARVAL AND Post-LarvAL FISHES OBTAINED 
IN Locu FyYnE. 


A detailed list of the young fishes which were taken in the tow-nets 
with the pelagic ova and other forms is given below. The identification 
of the specimens was not rendered easier by the fact that they were 


preserved along with the Copepoda, etc. I had not the opportunity of 


separating them at the time from the rest of the tow-net collection, and 
in many cases it was almost impossible to identify even the genus of the 
fish, Preservation in formalin was found to answer very well, so far as 
the retention of black pigment is concerned ; other pigments disappeared. 

The labour of identification was very materially lightened for me by 
the kind assistance rendered by Professor M‘Intosh, who, in addition to 
naming a number of the specimens, also placed his collection of young 
fishes at my disposal for the purpose of comparison. In a number of 
cases the genus to which the form belongs is alone given, 

The species represented are the following :—Cod (Gadus callarias), 
Cottus bubalis, Cottus (sp.), Cyclopterus lumpus, Dab (Pleuronectes 
limanda), Flounder (Pl. flesus), Gobius minutus, Gobius (II.), Gunnel 
(Centronotus gunnellus), Lepadogaster bimaculatus, Liparis montagqui, 
Long Rough Dab (Drepanopsetta platessoides), Mackerel (Scomber 
scombrus)? Onos (sp.) (Motella), Pipe-fish (Syngnathus, sp.), Plaice (Pl. 
platessa), Saithe (Gadus virens), 

Species B.—The forms included under this designation are mainly 
mackerel, but since, in the case of the very small examples, some 
confusion may arise between that fish and the species of Cottws and 
Trachinus, they have been placed under a general term. 


Station IT., 20th January, Surface ; 2 Cyclopterus lumpus, 2 and 4 cm. 
Station II., 17th February, 15-fm. Net ; gunnel, 10mm. 


5, ELT. 18th a l-fm. Net; gadoid, 7mm. 
eo UN. jth BA Surface, Cyclopterus lumpus, 23mm. 


Station II., 16th March, Surface, larval Onos (sp.). 
1-fm. Net; gunnel, 9mm. 
2-fm. Net ; larval Pleuronectid (Dab ?), 2mm. 
4-fm. Net; gunnel, 8mm.; 2 Cottus (sp.), 3°5mm. ; 
3 Onos (sp.), 3mm. 
6-fm. Net ; Pleuronectid, 2mm.; Onos (sp.), 3mm. 
10-fm. Net; 8 Onos (sp.), 3°5mm.; Pleuronectid, 
2mm.; Cottus (sp.), 5mm. 
15-fm. Net ; Onos (sp.), 3mm. 
Station ITI., 17th March, Surface ; gunnel, 7°5mm. 
l-fm. Net ; 2 gunnels, 9 and 10mm. 
10-fm. Net ; 2 gunnels, 10mm. 
Vertical Net ; larval cod, 3°5mm. 
Station V., 19th March, 4-fm. Net ; gunnel, 12mm. 
6-fm. Net ; Gobius minutus, 3mm. 
15-fm. Net; 2 gunnels, 18mm. 
Station [., 11th April, Surface ; larval plaice, 4mm. 
6-fm. Net ; larval cod, 3°5mm.; Cottws (sp.), 9mm. 
10-fm. Net; ws omm.; gunnel, 145mm. ; 
larval Gbiws minutus. 
Station II., 14th April, Surface ; 3 larval Pleuronectids, 2°5mm. 
l-fm. Net; larval cod, 3mm.; gadoid, 3mm.; 
pleuronectid, 2mm.; 4 larval long rough 
dab, 4mm. 
2-fm. Net; Gobius minutus, 7-5mm.; gadoid larva. 
4-fm. Net; cod, 4mm.; 2 pleuronectids, 2°5 and 
3mm.; 2 gunnels, 11 and 13mm.; Gobius 
minutus, 5mm. 
6-fm. Net; 2 cod, 6mm.; cod, 3mm.; flounder, 
3mm.; 6 pleuronectids, 2°5mm.; 6 Gobius 
minutus ; Species B, 5°5mm. 
10-fm. Net ; 6 cod, 3°5mm.; saithe, 3°5mm.; long 
rough dab, 5mm.; Lepadogaster bimaculatus, 
dmm,; 11 Gobius minutus, 3°5-Smm, 
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Station II. —contd. 15-fm. Net; cod, 5:25mm.; gadoid (saithe %), 
5mm.; 2 pleuronectids, 3°5mm.; 2 Onos (sp.), 
4mm.; 8 Gobius minutus, 2°5-4'5mm.; 
Species B, 4mm. 

Vertical Net; plaice, 5‘5mm.; gunnel, 11°5mm. ; 
Gobius minutus, 3°5 and 4°5mm. 
Station III., 19th April, Surface ; Cottws, 3°5mm. 
l-fm. Net; 3 plaice, 8-llmm.; Lepadogaster 
bimaculatus, 10°5mm.; 2 gunnels, 17 and 
20mm.; Gobius minutus, 7mm.; Species B, 
4mm. 
2-fm. Net; Gobius minutus, 5mm.; 11 Species 
B, 4-7mm. 
4-fm. Net; 7 cod, 3°5mm.; 2 Cottus bubalis, 10 
and 13°5mm.; 4 Gobius minutus, 4-6mm.; 
2 Species B, 5mm. 
6-fm. Net; 3 cod, 3mm.; 2 long rough dab, 
4‘5mm.; 4 Gobius minutus, 5-6mm.; 4 Species 
B, 4°5-8°5mm. 
10-fm. Net; cod, 4mm.; gadoid, 3°5mm.; 8 
Gobius minutus, 3-6'5mm.; gunnel, 12mm.; 
8 Species B, 4-5mm. 
15-fm. Net; 3 cod, 3 and 3°5mm.; 2 Gobius 
minutus, 3°5 and 6mm. ; Species B., 8mm. 
Vertical Net; cod, 3mm.; 2 Species B, 3°5 and 
4°5mm. 
Station IV., 18th April, 2-fm. Net; Species B, 35mm. 
10-fm. Net; cod, 4°5mm.; 2 Gobius minutus, 
4mm. 
15-fm. Net ; cod, 3‘5mm.; gunnel, 16mm. 
Station V., 16th April, Surface ; Gobiws minutus, 3°5 mm. 
2-fm. Net; Cottus (sp.), 8mm. 
4-fm. Net ; 6 Cottus (sp.), 5-l1lmm. ; Species B, 
omm. 
6-fm. Net ; Gobius minutus, 4mm. 
10-fm. Net; 3 Cottus (sp.), 6°5-7’5mm. ; gunnel, 
15mm. ; Gobius minutus, 6mm. 
15-fm Net; cod, 4mm. ; 3 Cottus (sp.), 6-7mm. ; 
3 gunnels, 14-21mm. 
Vertical Net; Cottus (sp.), 5mm. 

Station I., 9th May, 15-fm. Net; Cottus (sp.), 4mm. ; Gobius minutus, 
5‘omm. 

Station IT., 11th May, ' 4-fm. Net; Cottus (sp.), 5°5mm. ; Gobius minutus, 
65mm. 

15-fm. Net ; Species B, 3°5mm. 
Vertical Net ; Gobsus minutus, 3°5mm. 

Station ITI., 12th May, l-fm. Net; Gobius minutus, 6°5mm. ; 17 Species 

B, 3°5-6°5mm. 

2-fm. Net ; 24 Species B, 4-6°5mm. 

4-fm. Net; plaice, 8mm. ; 10 Gobius minutus, 
3-7'5mm. ; 68 Species B, 3°5-6°5mm. 

6-fm. Net; plaice, 10°5mm. ; 2 Cottus (sp.), 4 and 
5mm. ; 9 Gobius minutus, 3°5-9mm.; Gobius 
(sp.), 6mm. ; 68 Species B, 3°5-9mm. 

10-fm. Net; gadoid, 8mm. ; 12 Gobius minutus ; 
long rough dab, 10°5mm.; 25 Species B, 
3°5-6'5mm. 

15-fm. Net; 9 cod, 3°5-4mm.; gunnel, 18°5mm. ; 
5 Gobius minutus, 3°5-6mm.; Montagu’s 
sucker, 8mm. ; 22 Species B, 3-7mm. 

Vertical Net ; 2 cod, 3°5mm.; Cottus (bubalis 2), 
8mm.; 4 Gobius minutus; 7 Species B, 3-5mm. 

Station IV., 13th May, l-fm. Net ; Gobius minutus, 3mm. 

4-fm. Net; Gobius minutus, 45mm. ; Species B, 
3mm. 

6-fm. Net ; 5 cod, 3mm. ;2 Gobius minutus, 3mm. 

10-fm. Net; cod, 3mm.; gunnel, 185mm. ; 
Species B, 3mm. 

15-fm. Net; cod, 3mm, 
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Station V., l4th May, l-fm. Net; 2 cod, 3mm. ; Lepadogaster bimacu- 
latus, 5'dmm,.; 8 Gobius minutus, 3-6mm. ; 
Species b, 5mm. 

2-fm. Net; 3 Lepadogaster bimaculatus, 4°5- 
75mm. ; Cottus (sp.), 4°55mm.; 7 Globius 
minutus, 3°5-4'5mm. ; 3 Species B, 4mm. 

4-fm. Net; 10 cod, 3°5-5'5mm. ; 11 Cottus (sp.), 
5-8mm.; 12 Gobius minutus, 3-6°5mm. ; i 
13 Species B, 3:5-6'5mm. ; sucker, 3mm. ; NM 
10 Gobius (II.), 5 and 8mm.; 2 pleuronectids, 
25mm. 

6-fm. Net; 16 cod, 3°5-7'5mm. ; 6 gadoids, 4— ’ 
6:5mm.; 20 Cottus (sp.), 5-9mm.; 16 Species 
B, 4°5-6'5mm. ; 11 Gobius minutus, 5mm. ; 
4 Gobius (II.), 5-9mm. 

10-fm. ‘Net; 8 cod, 3-5-7mm.; Cottus bubalis, 
Smm.; 9 Gobius minutus, 4-7mm.; 2 
Species B, 3and 4mm. ; 2 Gobius (II.), 4 and 
9mm. 

15-fm. Net ; 7 Gobius minutus, 3-5mm. ; Species 
B, 4°5mm.; Gobiws (I1.), 9'5mm. 1 


Station I., 6th June, 4-fm. Net ; 2 Species B, 4 and 11‘5mm. 
6-fm. Net ; gadoid ; Cottus (sp.), 4mm. 
Station II., 8th June, Surface ; Species B, 3mm. 


l-fm. Net; 2 Gobius minutus, 2°5 and 3mm. ; 
2 Species B, 3mm. 
2-fm. Net ; 2 Gobius minutus, 3°5mm. ; Species B, 
3mm. 
4-fm. Net ; 5 Species B, 3°25-8mm. 
6-fm. Net ; 5 Species B, 3°5-5mm. 
10-fm. Net; 3 Gobius mznutus, 5mm.; 2 young 
pipe fish ; 4 Species B, 3.5-5mm. 
15-fm. Net ; Gobius minutus, 6°5mm. ; 3 mackerel, 
3-6mm. 
Vertical Net ; Species B, 3°5mm. 


Station ITI., 9th June, 2-fm. Net; Gobius minutus, 3mm. 
4-fm. Net; 2 Gobius minutus, 3°5 and 6'5mm.; 
larval pleuronectid ; 6 Sp. B., 3-8mm. 
6-fm. Net; 9 Species B, 4-8mm. ; Gobius (II.,) 
4mm. 
10-fm. Net ; 7 Gobius minutus, 4-7mm. ; 10 Species 
B, 4-6mm. 
15-fm. Net; 14 Gobius minutus, 5-6mm. ; 2] Species 
B, 4-7mm. 
Vertical Net, 2 Gobius minutus, 7mm.; Species b, 
6mm. 


Station [V., lOth June, 2-fm. Net ; cod, 3mm. ; gadoid, 4mm. 
4-fm. Net ; Species B, 5mm. 
10-fm. Net ; Gobius minutus, 3mm. ; Gobius (11.), 
4mm. 


15-fm. Net ; Gobius minutus, 7°5mm. 


Station V., l0th June, Surface ; Montagu’s sucker, 5mm. ; 2 Species B, 
5mm. ; 3 Gobius (II.), 6—-7'5mm. 
1-fm. Net ; 2 Species B, 4°5mm. ; 2 Gobius (II.), 
4mm. 
2-fm. Net ; larval plaice ; cod, 3mm. ; 11 Species 
B, 3-6mm. ; 6 long rough dabs, 4mm. 
4-fm. Net; gadoid, 12mm. ; 29 Species B, 5- 
8mm. ; 2 Gobius (II.), 4 and 9mm. 
6-fm. Net ; 6 Species B, 5-8mm. ; 4 Gobius (II.), 
7-10mm. ; 
10-fm. Net ; 11 Species B, 3°5-10mm. ; 4 Gobdius 
(II.), 6-10mm. 
15-fm. Net; 4 Species B, 4-7'5mm. ; 2 Gobius 
(II..), 3°5 and. 7mm. 
Vertical Net ; cod, 3mm. ; 4 Species B, 3-4'5mm. ; 
Cottus (sp.) 55mm. 16 Gobus (II.), 3- 
Smm. : 
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Station [., 5th July, 


Station IT., 6th July, 


Station ITI., 8th July, 


Station IV., 7th July, 


Station V., 7th July, 


Station I., 8th August, 


Station IT., 9th August, 


Station ITI., 9th August, 


Station IV., 9th August, 


Station V., Sih August, 
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4-fm. Net ; Species B, 65mm. 

6-fm. Net ; 6 Gobius (II.), 3°5-6mm. 

10-fm. Net ; Species B, 8mm. ; 2 Gobius (II.), 5mm. 
15-fm. Net ; Gobius minutus ; Gobius (II.), 4°5mm. 
Vertical Net ; cod, 3mm.; Gobius (II.), 9mm. 


Surface, 2 Cyclopterus lumpus, 7 and 13mm. ; 
Gobius minutus, 6mm. 
l-fm. Net ; 3 Gobius (II.), 3-7mm. 
2-fm. Net ; 2 Gobius (II.), 4 and 8mm. 
6-fm. Net; Gobius (I1.), 4mm. 
10-fm. Net; Gobius (I1.), 3°5mm. 
15-fm. Net ; Species B, 3mm.; Gobius (I1.), 4mm. 


Surface ; Cyclopterus lumpus, 13mm. 

15-fm. Net; Cottus (sp.), 8mm.;2 Gobius (II.), 
3°5 and 5 5mm. 

Surface ; Gobius minutus, 3mm. 

l-fm. Net ; 6 Lepadogaster bimaculatus, 3-5mm. ; 
7 Gobius minutus, 3-8mm. 

2-fm. Net; Lepadogaster bimaculatus, 3°5mm.; 
Gobius minutus, 8mm. 

4-fm. Net; Lepadogaster bimaculatus, 4mm. ; 
Gobius (sp.), 4°5-8mm.; 2 Species B, 
4 and 5mm. : 

6-fm. Net; Lepadogaster bimaculutus, Smm.; 
6 Gobius minutus, 5°5-10mm.; 16 Gobius 
(II.), 3:°5-8mm.; Species B, 4°5mm. 

10-fm. Net ; 2 Gobius (II.), 65mm. 

15-fm. Net; Gobius (II.), 8mm. 

Vertical Net, Lepadogaster bimaculatus, 4mm.; 
Species B, 3°5mm. 

Surface; 30 Lepadogaster bimaculatus, 3 °5- 
6mm.; 1696 Gobius minutus, 4-10°5mm. ; 
larval. mackerel, 3°5mm.; 2 Species B, 
4°5mm. 

1-fm. Net; 2 Lepadogaster bimaculatus, 5 and 
5‘5mm.; 48 Gobius minutus, 4—8mm. = 

2-fm. Net; Lepadogaster bimaculatus, 4mm.; 
31 Gobius (II.), 3-5'5mm. 

4-fm. Net; 2 Lepadogaster bimaculatus, 4 and 
6mm.; 4 Species B, 6mm.; 20 Gobtus 
minutus, 58mm. 

6-fm. Net; 18 Gobius minutus, 4-8mm. 

10-fm. Net; 3 Lepadogaster bimacilatus, 46mm. ; 
12 Gobius minutus, 4-11°5mm. 

15-fm. Net; 2 Lepadogaster bimaculatus, 5 and 
9-5mm. ; ; Gobius minutus, 5°5mm. a 

Vertical Net, Lepadogaster bimaculatus, 5‘5mm. ; 28 
Gobius minutus, 5-6mm. 

4-fm. Net; larva, 3mm. 
6-fm. Net ; 

15-fm. Net; cod, 3mm. 

Surface ; Lepadogaster bimaculatus, 4mm. 

6-fm. Net ; Gobius (sp.), 3°5mm. 

10-fm. Net; Gobius (sp.), 4mm. 

15-fm. Net; Gobius (sp.), 3mm.; 3 Lepadogaster 
bimaculatus, 3 and 4mm. 

10-fm. Net ; Gobius (sp.), 3mm. 

15-fm. Net; Lepadogaster bimaculatus, 9mm.; 

2 Species B, 3 and 3°5mm. 
6-fm. Net; Gobius minutus, 3mm. 

Surface ; Gobius minutus, 3°5mm, 

l-fm. Net; gadoid, 5mm. 
4-fm. Net ; Gobius (sp.), 4°5mm. 
6-fm. Net ; 3 Gobius minutus, 67mm. 

10-fm. Net; Lepadogaster bimaculatus, 10mm. ; 

Gobius (sp.), 45mm. 


-15-fm. Net; Lepadogaster bimaculatus, 8mm.; 


4 Gobtus minutus, 5—7mm, 
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In the list of young fishes, certain of them are recorded of sizes which are 
palpably too small. Many of the larval and post-larval forms were 
distorted and injured, and it was only possible to give approximate sizes. 

Gobius (I1.).—The forms labelled Gobcus (II.) differ from Gobius 
minutus in the following points:—There is no black pigment on the 
dorsum in Gobius (1I.), whereas Globtus minutus has a patch of pigment 
consisting of two large stellate corpuscles and a smaller third, on the 
dorsum, a little in front of the tail. In the latter the black pigment on 
the ventrum consists of a row of fairly large detached corpuscles extend- 
ing along the mid-ventral line of the abdomen, and continued behind the 
anus for some distance towards the tail. In Gobius (II.), on the middle 
line of the abdomen the pigment is represented by a thin black line. 
Behind the anus the line is double for a short space, and is then replaced 
by several large pigment corpuscles. This description refers to preserved 
specimens of 7mm. length. 

Species B., as mentioned above, includes more than one species, but the 
majority consists of a form which I have referred to the mackerel. 

Mackerel ({)—Several stages have been drawn by Miss Walker, 
St. Andrews (Plate VI., fig. 1—7 and 12). The youngest example, 4mm. 
in length, is characterised by a large amount of jet black pigment, laid 
down in a very definite arrangement. The brain is covered by a patch of 
stellate pigment corpuscles (Plate VL., fig. 16), while along the dorsum a 
broad row of minute spots extends to within a short distance of the base 
of the tail fin. It is indistinctly divided into two rows. Just behind the 
anus there is a distinct lateral band, formed by a short row of pigment 
spots along the lateral line. Over the abdomen (fig. lc.) are scattered 
minute spots, specially concentrated in the rectal region. They are con- 
tinued behind the anus in a broad row to a point below the end of the 
dorsal pigment row. In Fig. 2, a specimen Imm. longer than the 
preceding, the arrangement of the pigment is exactly similar. In this 
and the following stage, of 5°5mm. in length (fig. 3), the pigment is 
intensified, the bar behind the anus being more prominent. The dorsal 
pigment has now become definitely arranged in two rows, one along each 
side of the marginal fin. The pigment on the head is laid down in a 
heart shape, and is separated from the outer end of the dorsal rows by a 
little gap devoid of pigment. In Fig. 4, which represents a specimen of 
6'5mm., the pigment rows have broadened; the anal rows, widely 
separated at the anus, approach each other as they proceed towards the 
base of the caudal fin. The minute black spots on the abdomen and sides 
have increased greatly in number. At 85mm. (fig. 7) the whole body, 
with the exception of a little portion anterior to the base of the tail fin, 
is covered with the minute spots. The bar on the tail is to some extent 
hidden by the increase in pigmentation. On the dorsum the pigment 
consists of large stellate corpuscles (fig. lb). The ventral appearance is 
shown in Fig. le. The dorsal fins, two in number, are indicated 
indistinctly in the earliest form, but it is only at the last 
stage referred to that they are prominent. The first dorsal (7 fin 
rays ca) is situated a little posterior to the pectoral region; the 
second dorsal (10-11 fin rays ca) begins at a point on the dorsum 
immediately above the rectum. The anal fin (9-10 fin rays ca) in its 
origin and breadth closely resembles the second dorsal. Fig. 6 shows a 
form a little smaller than that shown in Fig. 7. In general form and in 
the arrangement of the pigment it is exactly similar to the preceding 
specimens, but it differs in the character of the pigment. In this case 
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the pigment on the sides and abdomen, instead of consisting of minute 
black spots, is in the form of large dark brown stellate corpuscles, giving 
the little fish an almost black colouration. This difference in pigmenta- 
tion may, however, be of no importance, since in life the minute spots in 
the other specimens would no doubt be stellate. It may perhaps be 
sufficiently explained by the assumption that in one case the corpuscles 
remained expanded after death, while in the other they contracted. The 
largest specimen of the series—viz., one 11*5mm.—is damaged (fig. 12). 
Each example, with the exception of 1 and 2, had very characteristic 
teeth. In Fig. 7 two long recurved teeth were present in front in the 
lower jaw, one on each side of the symphysis of the mandible. Bebind 
these on each side were two triangular teeth. In the upper jaw three 
teeth, similar to those of the lower jaw, were found on each side. The 
front tooth, recurved like that on the mandible, was not quite so 
prominent as the latter. ‘The smallest form in which the teeth were 
noticed was Fig. 3, where the two recurved teeth and one or two 
triangular teeth were present. The blunt shape of the head is a feature 
of note in this species. The only young forms hitherto described that 
resemble the above are the young mackerel sketched by Holt.* From the 
general resemblance between my specimens and those recorded by Holt, 
as regards general form, arrangement of the fins, and the possession of 
teeth, I am convinced that the fishes I have described above are the 
young of the mackerel (Scomber scombrus). A larval mackerel was 
captured on Station V. on 7th July. It exactly resembles the larval 
mackerel described by Cunningham.t 


Lepadogaster bimaculatus was frequently met with in the tow-nets. 
The most noticeable points in this form are the truncated head, and the 
pigment, which is uniformly scattered over the body, with the exception 
of the posterior third of the tail and the top of the head. In the smaller 
exaiples—e.g., fig. 8b, figs. 9 and 10—the head is quite free of pigment. 
In the largest specimen sketched—viz., fig. 11—the pigment has begun to 
' appear on the top of the head. The pigment from either side of the 
abdomen extends downwards and forwards, meeting in the hyoid region, A 
V-shaped arrangement is then given to the pigment on the under surface of 
the head (figs, 8c and llc). The above specimens do not show the sucker. 
In older examples—viz., of a length of 10mm.—the sucker is well developed, 
and in one at 8mm. it is seen indistinctly. The latter also shows the V- 
shaped arrangement of pigment in the hyoid region. The pigment in 
those from 7:°5-10mm. long is, as described by M‘Intosh and Master- 
man,+ laid down in four more or less regular longitudinal rows of large cor- 
puscles on the side of the body. A semicircular curve of pigment follows 
the outline of the mid-brain. No other pigment is present on the head. In 
an example of 5mm. length the pigment consisted of large chromatophores, 
instead of minute spots as in those sketched. Itis probable that those post- 
larval forms which were put into the preserving fluid when alive retain 
their chromatophores in an extended condition, while those which were 
killed in the net exhibit a pigmentation consisting of minute spots. The 
bulging eyes were characteristic of all the examples. The short stumpy 
pectorals were well seen in specimens from 5mm. upwards. In the 
specimen 10mm. in length, the V-shaped arrangement of pigment in the 
hyoid region was absent. The larva of this species has been described 
by Holt.§ 


* Jour. Mar. Biol. Assoc., vol. v., No. 2. 
+ Op. cit. 
t On, cit. 


§ Scientific Trans, Roy Dublin Soe., vii., 1., 1891, p. 447. 
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ANALYSIS OF THE COLLECTION OF FISHES. 


| | 
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Grand Total, - 2,935 young fishes. 


The collection of fishes is marked by the very small proportion of the 
young of the food-fishes. Out of a total of 2935 fishes, 143 only 
belonged to the Gadcid and Pleuronectid genera. Of these, the majority 
were cod, plaice being represented by seven individuals. Twenty 
undetermined Gadoids and 27 Pleuronectids completed the total of these 
genera, Of Species B, a large number of specimens were obtained—-viz., 
453. On the other hand, a fairly large number of other forms, which, 
however important they may be as food for more valuable fishes, are not 
of themselves of any commercial importance, were obtained. The absence 
of the food-fishes is probably accounted for by the fact that the nets did 
not fish deep enough at the time. The vertical distribution of young 
fishes in their early post-larval stages is not very well understood, and the 
reason why the young of coarse fishes are found in large numbers in the 

- upper zone, while the young of food fishes are absent, is a matter deserving 
attention. It will be noticed in the Table giving the numbers of fishes 
for each net, that the vast majority were found at the surface. The~ 
total 2752 here given is, however, made up almost wholly of one cateh— 
viz., that made on Station V. in July—when 1729 fishes, almost entirely 
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Gobies, were captured at the surface. All the other stations during 
the seven months from February to August only contributed 23 
individuals to the surface net. Leaving out the special collection 
made at Station V., it is seen that the number of fishes increases 
regularly with the depth, to a maximum at 4-6 fathoms, deeper than 
which level it steadily decreases. The cod which appear in the collection 
are all very small, and had been newly hatched, which fact seems to 
indicate that the post-larval stages are not passed in water of less depth 
than 15 fathoms in Loch Fyne. Of course it is necessary at present to 
except the shallow shore waters. It is possibly simply a withdrawal from 
the surface waters where it has been hatched to the bottom, at whatever 
depth that may be. On the stations the bottom lay usually at a depth ° 
considerably over 15 fathoms. The post-larval young of the coarse fishes 
then appear to be found mainly at a depth of 4—6 fathoms below the 
surface. The cod larve were found in every net, except the surface. 
The plaice were found at the surface, 1, 4, and 6 fathoms. The inference 
then seems to be warranted that most of the food-fishes on hatching leave 
the region in which the eggs are floating, and their place is occupied by 
fishes hatched from demersal eggs. M‘Intosh and Masterman say that the 
young cod, shortly after reaching a length of °33 inches, retire from 
the upper waters and seek the lower regions of the sea. ‘It is 
“instructive to compare the change of habitat of the growing plaice and 
“that of the sand-eel. In the former, life is commenced in the surface 
“water, and as the embryo advances in its development it is drifted 
“towards the shore. Here the little larva, set free from its prison, 
‘migrates gradually but surely to the bottom in shallow water. In the 
‘other case the embryo embarks on its existence (in the winter-spawning) 
“in fairly deep water, and embedded in the dark still sand. From this 
“secure retreat the larval form emerges, and with increased size it works 
“it way upwards to the light and warmth, and eventually disports itself 
‘Cin the surface water, a prey to many a foe.”* Petersen f found in Faeno 
Sound “that the fry of almost all fishes with pelagic eggs which occur 
“there, except Motella, are much rarer than the fry of those which deposit 
‘“‘their eggs on the bottom.” He discusses the fact very fully from the 
points of view of the salinity of the water, aud the currents which 
runuing in the neighbourhood may affect their distribution. The Table 
recording the larve obtained by Holtt at Plymouth does not afford 
corroborative evidence. The larve of fishes having pelagic eggs were 
more numerous than those hatched from demersal eggs. 

The position in the water in which the young forms are floating will 
have an important bearing on their distribution. A portion of them at 
least will be subjected to surface currents, and ere they pass through their 
post-larval stage may be transported long distances. Thus, while the 
distribution of fishes having pelagic eggs is effected in the egg stage, the 
young hatched from demersal eggs are carried away by currents during 
the post-larval stage. An interesting mode of distribution is noted in 
connection with the specimens of Cyclopterus lumpus captured. They 
were found at the surface on drifting pieces of Fucus. Holt $ found young 
Liporis among drift weed at the surface. 


PHYSICAL OBSERVATIONS. 


Table XVI. gives the temperature and salinity observations made 
during the first eight months of 1898 on the stations where the other work 


*M‘Intosh and Masterman, op, cit. 

+ Petersen, op. cit. 

+ Holt, op. crt. 

§ Holt, Trans. Dublin Royal Soc., 1891. 
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was carried on. The temperature of the air and particulars regarding 
weather and tide are given in the Tables recording the numbers of 
pelagic ova. The salinities were obtained from Mill’s Papers,* and from 
Dittmar’s ‘‘ Physical and Chemical Results of the ‘Challenger.’ ” 

The highest temperature for the surface water was found in August, 
when, on Station V., it registered 15°8°C. The lowest for the surface was 
in February and March—viz., 6°7° at Station V. in February, and 6°5° in 
the same region in March. The lowest temperature at 74 fathoms was 
also found on Station V.—viz., 6°9° in February, while the highest at 
that depth was 11:4° at Station I. in August. The lowest temperature at 
15 fathoms was met with at Station V. in February, and the highest was 
at Station II. in August. 

The lowest salinity was found on Station V., in March, when the 
surface water was quite fresh. The surface water of Station I. in June 
had the highest salinity—viz., 3°34. At 74 fathoms the salinity varied 
from 2°58, Station V. in January, to 3°38, Station III. in June. The 
water at 15 fathoms had its lowest salinity in January at Station IV.— 
viz. 2°72, and its highest, 3°5, at Station ILI. in Juue. 

The temperature of the air varied from 4°C. in February to 18°5° on 
10th of June. 


[ TABLE. 


* “Report on the Physical Observations in the Forth and Clyde.” Ninth Annual 
Report of the Fishery Board. ‘‘ Report on the Physical Observations on the Forth, Tay, 
and Clyde.” Eleventh Report, Ibid., ‘Clyde Area ” on, cit. 
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PLATE IV. 


C.—Curves of Eggs and Copepoda for each Month. 
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DESCRIPTION OF PLATES. 


Plate II]. —Chart of Loch Fyne, showing position of the five stations. (See 
| p. 79.) 

Plate I1I.—Shows diagrammatically the number of eggs in each stage of develop- 
ment obtained in the different stations. (See p. 102.) — 

Plate I1V.—Curves formed by the numbers of Pelagic Eggs and by the volumes 

of Copepoda obtained on each station. (See p. 114). 

Plate V.—Diagrammatic representation of the Vertical Distribution of Pelagic 
Eggs and Copepoda. (See p. 117.) 

Plate VI.— 

Figs. la, lb, lc—Lateral, dorsal, and ventral views of an example of 


mackerel 4mm. in length. 
Fig. 2—Specimen of the same about 5mm. long. 


Fig. So ” ” aaa) ” 

Fig. SOS Se Ua Grae: 

Fig. 5— ne Grob es, 

Figs. 6a, 6b, 6c— 5 8mm., lateral, dorsal, and ventral views. 
Figs. Te 7b, 7 {Ce— aN 8°5 9 33 ” 

Fig. 12— 11°5mm. 


Fig. 8a, 8b, 8c —— Lateral, ’ dorsal, and ventral views of an example of 
Lepadogaster bimaculatus about 4mm. long. 
Fig. 9—The same, 4'5mm. long. 
Fig. 10— : 
Hig. 1a, 11h, lo" Daterale dorsal, and ventral views of an example of 
the preceding measuring 5°5mm. 
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lil. THE INVERTEBRATE FAUNA OF THE INLAND WATERS 
OF SCOTLAND.—REPORT ON SPECIAL INVESTIGATION. 
By Taomas Scort, F.L.S., Mem. Soc. Zool. de France. (Plate VII.) 
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INTRODUCTORY. 


In my paper on the Invertebrate Fauna of the Inland Waters of 
Scotland (published in Part III. of the Sixteenth Annual Report of the 
Fishery Board for Scotland), it is stated in the preliminary remarks that, 
at the request of the Fishery Board, a certain number of the fresh-water 
lochs of Scotland were being examined at more or less regular intervals 
in order that some information might be obtained concerning the effect 
produced on the invertebrate fauna of these lochs by the changes inci- 
dental to the different seasons of the year, and to discover whether 
the various organisms living in the different lochs were, or were not, 
equally susceptible to seasonal variation. 

This special work has now been completed, and a description of the 
results obtained—so far as they relate to the crustacean inhabitants of 
the various lochs examined—is embodied in the following pages. 

Before proceeding to give a description of the results, it will be 
uecessary to state briefly the names of the lochs examined, and the 
method adopted in their examination. 

The lochs selected tor special investigation were the following :—Forfar 
Loch, near the town of Forfar; Loch Leven, Kinross; Loch Lomond 
and Loch Katrine; Loch Arklet, situated between Loch Lomond and 
Loch Katrine; Loch Achray, Trossachs; Loch Doon, Ayrshire; and 
Duddingston Loch, near Edinburgh. Loch Lomond and Loch Katrine 
are deep-water lochs ; Loch Arklet and Loch Doon are upland lochs, and 
situated at a considerable elevation above sea level; Forfar Loch, Loch 
Leven, and Duddingston Loch are comparatively shallow lochs; Loch Achray 
is a small loch, and seems to be merely an expansion of the River Teith, 
which, issuing from the Trossachs end of Loch Katrine under the name 
of Achray Water, spreads out into Loch Achray in its eastward course. 

These lochs were examined at intervals of about three months, and the 
method adopted in their examination was somewhat as follows :—At a 
suitable part of each loch tow-net gatherings were collected in the open 
water by means of a rowing-boat. ‘Two tow nets, made of silk and of 
different degrees of fineness, were used ; the coarser one had about forty- 
five meshes to the inch, which, when the net was wet, were sufficiently 
close to capture very small entomostraca ; the other was much finer, having 
at least four times as many meshes to the inch, and was used for the 
collection of diatoms, infusoria, and similar minute organisms. Hauls 
were made at various depths, but usually not below ten fathoms, as I 
find from the examination of a considerable number of the lochs of Scot- 
land that, with few exceptions, representatives of all the free-swimming 
Entomostraca are to be obtained between the surface and ten fathoms. 
These organisms appear to be distributed all through the water—at least 
in the case of lochs that are shallow—and also to a considerable extent 
where the water is of great depth---as in Loch Morar; generally, however, 
it is found that under twenty or thirty fathoms the catches become smaller 
the deeper the net is worked. Loch Lomond and Loch Katrine were 
tow-netted at both the upper and lower ends. Along with the tow-net 
work the temperature of the water, the direction of the wind, and the 
state of the weather were recorded. In the case of the deep lochs three 
temperature readings were taken—viz., at the surface, at five fathoms, and 
at ten fathoms. In the case of shallow lochs, where the depth did not 
exceed five or six fathoms, the temperature of surface and bottom only 
was taken. Moreover, in addition to the tow-net work in the open 
water, the shore, where suitable, was also examined by means of 
a hand net (a small net mounted on a ring fixed to the end of a 
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staff or pole) worked about amongst the vegetation along the shore, 
Interesting results were sometimes obtained in this way, and generally, 
though individuals were much fewer than in the tow-net gatherings, the 
variety of organisms was greater. The gatherings collected with the tow 
uets and hand nets were transferred to separate bottles and preserved in 
methylated spirit for subsequent examination. : 

In the preliminary remarks in last year’s paper on the fresh-water lochs 
already referred to, it was also stated that, besides the examination of the 
eight lochs previously mentioned, a somewhat similar series of observations 
was being made in the three lochs in the line of the Caledonian Canal— 
viz., in Loch Ness, Loch Oich, and Loch Lochy. These lochs have been 
tow-netted at various times by the s,s. ‘‘Garland” when passing to and 
from the West Coast. This work was attended to principally by Mr, F. 
G. Pearcey, naturalist on board the vessel. Various circumstances con- 
nected with the work of the ‘‘Garland” prevented these lochs from being 
examiued with the same regularity as the others. The results of the two 
series of observations are described separately. 

The thermometers used in all these investigations were the Negretti and 
Zambra deep-sea reversing thermometers, as used on board the ‘“ Garland.” 

In describing the results of the examination of these lochs, each loch 
will be considered apart from the others. After referring to any point of 
interest concerning the loch itself, the temperature of the water and the 
other physical observations connected therewith that were recorded each 
time the loch was visited will be first referred to; a list of the free- 
swimming entomostraca that have been captured in the tow-nets will be 
given next ; and afterwards a list of the species of crustacea and mollusca 
obtained in the shore gatherings. Questions relating to seasonal variation, 
distribution of species, etc., will also be discussed; while notes on a 
number of the rarer and more interesting species obtained are added at 
the end. 

The Entomostraca, being the most important group of the higher fresh- 
water invertebrates, will, along with other crustacean species, be noticed 
in the present paper; any mollusca observed will also be included; but 
the lower forms, the infusoria and micro-alge, will be treated 
separately later on. 

The following Table gives the names of the various lochs referred to in 
the present paper and the dates on which they were examined :— 


First SERIES. 


Dates of Examination. 
Names of the Lochs. ae = <= 

_ 1897. 1898, 
| ee ee oe poh 
| Loch Achray, : ; : Sept. 10 | Noy. 27 | Mar. 17 | June 28 | 
| Seoch AgileE eee a Ged ai GG te, aka Nan eed | 
eabpeh Danse aiken tin Bike 4 16 ol Dees 10: | , 81 | July 7 | 
| Duddingston Loch, : : Ls Fah pedal eal’ | 2 June 16 Sept. 16 

Forfar Loch, . : ; , | July 24% Nov. 3 hid: S27 6 Axess |; 

Loch Leven, . | Sept } Dec. 16 | secs sells 
| Loch Lomond—Upperend, . ,| Aug. 20 | Nov. 25 | el: ae) | 
k f Lower end, . | 20 | in 2S | 22 feat | 
| Loch Katrine—Upper end, . | Sept. 9 eG | Een 7 | | 
| a Lower end, AM 5 10 A "05,9 20) ane ce tc pian cores | 


* Duddingston Loch and F orfar Loch were not tow-netted at these dates. 
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SECOND SERIES. 


Dates of Examination, 


Names of the Lochs. SSS ne Le ee 


1897 1898 
| . 
Loch Lochy, . : : : Aug. 6 5|Oct, 227 |sDec Sian. 24 Auc,) 4) Oct; 6 
|* Loch Ness, . : : a6" | Rees ES teal eet teh in 
| Loch Oich, . ' ; », 6 |notexam- Py RPT Bek): all basi a 6 


| ined. 
* Loch Ness was tow -netted at oy pl aces—off Castle Urquhart, ‘off Foyer. S, , and off Port Clair. 


ik FIRST SERIES’ OF LOCHS EXAMINED. 
DESCRIPTION OF THE RESULTS. 


In describing the results of the examination of the first series of lochs, 
I propose to consider them in the following order :—Loch Lomond, Loch 
Arklet, Loch Katrine, Loch Achray, Forfar Loch, Loch Leven, Dudding- 
ston Loch, and Loch Doon, 


(1) Locn Lomonp. 


Loch Lomond, besides being the largest, is also the deepest of the 
series of lochs now under consideration. Its elevation above the sea 
is also less than that of the others, being, according to the Ordnance 
Survey map, only twenty-three feet above sea level. The chain of islands 
that stretches across the loch from Balmaha to a lttle south of Luss 
divides it into two unequal portions that differ greatly from each other 
not only in general outline but also as regards depth of water, The 
greatest depth of that portion south of the islands appears not to be more 
than thirteen or fourteen fathoms, but on the upper side the depth rapidly 
increases to over thirty fathoms, and from Rowardennan to the head of 
the loch depths of eighty and ninety fathoms are reached in several 
places. The deepest part, however, is about a mile to the south of 
Inversnaid Hotel, where, according to the Admiralty chart, soundings of 
one hundred and one fathoms have been obtained. It is probable that 
there may be parts of the loch between Tarbet and Inversnaid even deeper 
than this, for I have heard it asserted by one who was a very careful 
observer that he obtained a sounding considerably beyond one hundred 
fathoms. 

The shores of Loch Lomond, especially of the upper portion of the 
loch, are not very favourable to the existence of an abundant shore fauna. 
There is comparatively little vegetation along the sides of the loch amongst 
which the non-swimming organisms can find shelter. Parts of the 
shore at the lower end were found to be better adapted as a habitat for 
such forms, and, when examined, yielded fairly good results. 

The lower end of the loch—from Balloch Pier northwards toward the 
island of Inchmurrin—was tow-netted on 18th August and 24th November 
1897 ; and from Balmaha to outside of Clairinch Island on March 22nd 
and 21st June 1898. The upper end of the loch off Inversnaid was tow- 
netted in August, November, March, and June, Different portions of the 
shore were also examined. ‘That portion extending between Luss and 
Inverbeg was examined on 20th August 1897, under very unfavourable 
conditions as to weather, there being a more or less steady downpour of 
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rain all the time. On 23rd November a large part of the shore between 
Balmaha and Rowardennan was examined, while that portion from Balmaha 


southwards to near the mouth of the Rivet Endrick was examined on 
22nd March and 21st June 1898, 


Temperature Observations, 


The examination of the loch included, as already stated, not only tow- 
net experiments, but the recording of the temperature of the water and 
other necessary physical observations. The annexed Table shows the 
various temperature readings observed each time the loch was examined. 


TABLE SHOWING TEMPERATURE AND OTHER PHYSICAL OBSERVATIONS. 


Temperature. Wind. 
ae i “it . | Surface Movement 
Position, | Date. | Hour. | Water. | Weather. of Water: 
| Air | Direction. | Force. 
| Surf. 5 Fms. 10Fms 
| 
1897. | Deas. | Degs.| Degs. | Degs. | | 
Aug. 20 6 p.m. .. | 69°0| 59°8 oti 9 | Bul esterly. | Light. Dull; fair. Slight ripple. 


| 
| 
} 


Upper end | Nov. 25 1.30p.m. 45-0 | 48-0 | 48-0 48-0 Rees Squally. Dull; fair. | Irregular. 
of loch, off 1898. 


Inversnaid.-| Mar. 3) 2 p.m. |. 46°5 | 42°6 | 42°5 | 42:2 | S. West. Light Dull: sh’wry) Movem’nt moderate, 
June 29} lla.m.| .. | 60:0 | 54°8 | 49-2 | S. East. Light, Hazy;inclin-| Slight ripple, 
squally. ing to rain, | 
,4fims. 
Lower end— | Aug. 19| Noon. ed 60°7 | 60°3| .. | N. West. Light. Showery. | Slight ripple. 
(1) North of 5 fms. 
Balloch | | Noy. 24 10 a.m. | 47-8 | 48:0 | Easterly, Light. Dull; fair. Slight ripple. 
Pier. 23 ft: 
(2) Off Bal- | Mar. 22 2 p.m. | 49:5 | 42°0| 42°0| .. | S. West. Light. Cloudy. | Slight ripple. 
maha. | | 5fms. 
| June A 1. 30p.m.) 62°5 | 61°1 | 59°7 = S.Westerly., Light. Clear; warm.) Slight ripple. 


} J 


I desire specially to state here that the temperature readings in this 
and similar Tables throughout the present paper are according to the 
Fahrenheit scale; also, that the readings are those of the thermometer 
used—they are not corrected readings ; and, as different thermometers may 
not give exactly the same reading (the one with the other), the true 
temperature of the water may be a little greater or a little less than that 
stated in the Table. The purpose of these Tables, therefore, is to show 
not so much the exact temperature of the water, but rather the variation 
of temperature at the different depths and at the different seasons. 

It will be observed in the Table given above that the readings for 
August and June, taken at the upper end of Loch Lomond, show a more 
or less rapid decrease of the temperature of the water from the surface to 
the depth of ten fathoms, but that the difference was not so great in 
August as it was in June. It will also be observed that the readings 
recorded in November and March exhibit little or no difference between 
the surface and under-surface temperatures, and that the readings for 
March are several degrees under those for November. 

The study of temperatures, when intended to be exact, is somewhat 
difficult owing to many circumstances relating to wind, weather, 
currents, etc., requiring to be considered. Speaking generally, however, 
the reason for the differences referred to above may probably be the 
following :—In June the summer heat, though it readily influences the 
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surface water, has so far only been able to a small extent to affect the 
under-surface water, but though, as the heat continues, it may not greatly 
increase the surface temperature, its influence extending downwards 
gradually raises for a considerable distance that of the under-surface water. 
The difference between the temperature at the surface and at ten fathoms 
on 29th June 1898 was 10°8 degrees; but on the 20th August 1897 the 
difference was only 5:1 degrees. By the time November is reached the 
summer heat has given place to colder weather, and one of the results of 
this is that the surface temperature of the water is lowered and becomes 
more and more uniform with that of the water beneath the surface. As 
the winter advances it tends to reduce the temperature of the water still 
further ; but though the lowest readings of the present series of observa- 
tions are those taken in March, it is probable that the average lowest 
readings may occur earlier in the year. Definite information on such 
points would, however, require a special and lengthened series. of 
observations. 

At the lower end of the loch the water, being comparatively shallow, 
did not show the same amount of variation between the surface and under- 
surface temperatures in August and June. The surface temperature was 
rather lower in March, but slightly higher for the other months. 


4 
Pelagic Entomostraca Captured by the Tow-Nets. 


Free-swimming entomostraca did not appear to be very plentiful in 
Loch Lomond, and they were less frequent in November and March than 
in August and June. Fourteen species were obtained in the tow-net 
gatherings collected during the four visits to the loch, but only a few of 
the species occurred in all the gatherings. The two tow-nets already 
described were used, and gatherings were collected to the north of Balloch 
Pier, off Balmaha, and off Inversnaid. The following Table contains the 
names of all the species captured by the tow-nets, and the localities and 
dates where they were obtained. 


[ ‘TABLE. 
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TABLE CONTAINING THE NAMES OF ENTOMOSTRACA CAPTURED IN Tow 
Nets, with Datgz anp Puace or Capture. 


Abbreviations used :—ab., abundant; c., common; fr. Bie ae f., few;r., rare; 0, none. 


1897. 1898. 
| — ~ _— ee 
| ; ah es ee FY iiss Oh oP eget esacst || eevee 
Names of the Species, | as ge | aa | ES aN | gS | en zg | 
5, 2 erp) Sites oe! IM pear ree Stet pail ness re | Oo} © 
os Ons lero 40 Ole oo | o = oq i og 
o/b [ee | Bo] ea | BS | 22 | Be 
Aa pea | Ae Pas ps a | S° 
Copepoda— | | | 
Diaptomus gracilis. eae yeni | ee ie ace TR ft: | pas pee Nek | 
x. O. Sars. | i} 
Cyclops strenuus, Fischer . fr. i ell ee & fr. PowCit..- None eee 
| | 
Cyclops leuckarti, Claus. | i oa 70 0 0 O- OSS ae 
Cyclops viridis (Jurine) . | O |.0 | 0 | 0 | 0 | x] 0 | @ 
Cyclops albidus (Jurine) . 0 fan | 0) 0 I | Oh Peg 
| | | | 
Cladocera— | 
Sida erystallina (Miiller) . lene Deen nO 0 0 0 fr. 0 
| } 
Simocephalus vetulus one mo) 0 | r 0 0 0 0 0 
(Miiller). 
|Daphnia lacustris ee f ab c fr: fr fi ft 
G. O. Sars. 
Bosmina longirostris . : 0 OF alter ) 0 0 f 0 
(Miller). | 
Bosmina longispina . . gael Mice tp 0 Ts 0 fr. Je eae 
Leydig. | 
Hurycercus lamellatus : 0 Oe ii 30 0 0 0 fr 0 
(Miller). | 
Polyphem us pediculus 7 CH Die Nd eos lit an@eeed F210) 04h] Orel) Mie eae 
_ (Linn;), 4 | | 1 | 
B ythotrephes longimanus . PT we alt Bick ay hee eee) OSS oie) i 
Leydig. | 
Leptodora hyalina. Pha ¢ ones ee TW aa) 0 OQ. eeeO Soh ae nuelaaeas 
Lilljeborg. I i 


It will be observed, in glancing at the distribution of the various 
organisms, that only three of the species occurred in all the gatherings. 
Polyphemus and Leptodora, though apparently distributed more or less all 
over the loch at the date when the August and June gatherings were col- 
lected, seem to have disappeared in November and March, as no specimens 
were observed in the gatherings then collected. Bythotrephes was frequent 
in the gathering collected on the 19th August, but became rarer as the year 
advanced, No specimens were collected in March, while in June a few 
only were obtained at the upper end of the loch. It will also be observed 
that Cyclops viridis and C. albidus among the Copepoda, and Sida, Simo- 
cephalus, and Hurycercus among the Cladocera, occurred in only one or 
two of the gatherings. The term “ pelagic” can scarcely be applied to 
these forms in the sense in which it is applied to Diaptomus gracilis, 
Cyclops strenuus, or Daphnia. The species referred to were almost all 
collected in comparatively shallow water; and their presence in the 
gatherings in which they occur may be due to the net having passed near 
to some aquatic vegetation. In comparing the seasonal distribution of 
the various species mentioned in the Table, Daphnia lacustris appears 


* Diaptomus gracilis was more frequent in the fine silk tow-net gatherings than in the 
gatherings collected with the other net. 

t No male Daphnia was observed in any of the gatherings; but the females were 
found, frequently with pseudova, in almost every gathering. 
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to be the one least affected by the changes incidental to the different 
times of the year when the gatherings were collected ; Diaptomus gracilis 
and Cyclops strenuus come next—these two, though more plentiful in the 
warmer months, are apparently able, to a certain extent, to withstand 
the greatly reduced temperature of the water during winter ; but Leptodora 
and Bythotrephes are evidently distinctly affected by seasonal influences. 
Further remarks bearing on these questions will be found in the sequel. 


The Shore Fauna collected by Hand-Net. 


The crustacea collected by hand-net along the shores of Loch Lomond 
represented, as 1s usually the case, a much greater variety of forms than 
those collected by tow-net, but individuals were less plentiful. As already 
stated, three different portions of the shore were examined :—(1) That 
part of the shore between Luss and Inverbeg; (2) between Balmaha and 
Rowardennan ; and (3) between Balmaha and the mouth of the River 
Endrick (two examinations being made of this part). A considerable 
number of crustacean species were obtained, and also several species of 
mollusca.. The names of all the species are given in the annexed Table, 
with the localities and dates of capture. 


TABLE CONTAINING THE Names OF Mouuusca AND CRUSTACEA OBTAINED 
IN Hanp-Net GATHERINGS, WITH DaTE AND PLACE OF CAPTURE. 


The abbreviations are the same as in the other Table. 


| Localities and Dates. 
lad tee aon aU) SHEN a 
m oO > aol gale hairs a ea Weal Se ES 
aes GS aN Va 2 OTS Ne Sto. 2 
- Names of the Species. wee as is Ses ages 
| eho 968 flee BN eo Eno 
Dan? |EGUVUESP|PIG oD oT 5 a 
On 5 |\P'SHGWIOR Sao}/o 8 oor) 
Se to (OSS Ro|B eo Pale So sr 
| loeg Pase leita esas 
| as | maec.8 a as pA es 
MOLLUSCA. 
Pisidium fontinale (Drap.), = 0 0 r 0 
Pisidium nitidum, Jenyns, - 0 0 1 Te 
| Valvata piscinalis (Miller), - 0 0 re | i: 
| Planorbis albus, Miiller, - < - 0 0 125 ie 
| . nitidus, Miiller, - 0 0 0 i; | 
| Re glaber, Jeffreys, - 0 0 Ee 0 | 
Physa fontinalis (Linn.), — - 0 ie f. fe | 
Limnea peregra (Miller), - 0 0 0 Vs | 
5» palustris (Miiller), - 0 0 Ve 0 | 
.,  truncatulus (Miiller), 0 r. i 0 | 
| | 
CRUSTACEA: Amputropa, | | | | 
Gammarus pulex (Penn.), — - - - | if | ip | re 0 
IsopoDA. 
Asellus aquaticus (Linn.), — - : a 0 0 re i 
COPEPODA. 
Diaptomus gracilis, G. O. Sars, f r 0 0 
Cyclops strenuus, Fischer, - - - f f 0 0 
»,  leuckarti, Claus, - f 0 0 0 
,, viridis (Jurine), : 0 f 0 f 
| ,,  albidus (Jurine), - 0 0 0 f 
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TABLE CONTAINING THE Names oF Moxusca, &c.—continued. 


Localities and Dates. 
3 a aly 
ayer | gee eas ad . 
Names of the Species. Seo, le aaa ig epee a "5 
ON, gk u ONY gee 
Bees (a8 oR sa aNa so ets 
goes ea gacls ee sale ag ae 
buh gee |ba2e Baas 
fe) ep 
pee tae i. : 
CoPEPODA—continued. 
», dybowskii, Lande, Ken 0 0 0 fr, 
; »,  bicuspidatus, Claus, Bates 0 0 0 r. 
i »  vernalis, Fischer, - - - 0 igs fr. re 
»,  bisetosus, G. O. Sars, eae = 0 ie 0 0 
»  serrulatus, Fischer,- -  - i fr, r. f. 
jimbriatus, Fischer, eee? Ubon 0 te 0 0 
Canthocamptus staphylinus (Jurine), 0 r. fr. r. 
- minutus, Claus, - - 0 0 re r. 
| a hirticornis, T. Scott, = 0 0 0 r. 
schmeilit, "Mrazek, - 0 0 0 rs 
Atthey yella crassa (G. O. Sars), - e fe Te re fr 
a pygmea (G. O. Sars), - - { Er: fr. am 
=) zeschokkei (Schmeil), - — - f. r. 0 0 
Moraria anderson-smithi, T. & A. Scott, £; r. ip 0 
OSTRACODA, 
Cypria ophthalivica (Jurine), - - 0 0 f. f. 
Cyclocypris levis (Miiller), - - - 0 i- iit op 
zs serena (Koch), - - - 0 0 0 r. 
9 globosa (G. O. Sars), - 0 re r; 0 
Cypris obliqua, Brady, - - : 0 0 0 r 
Herpetocypris reptans (Baird), — - - 0 0 ie f. 
Cypridopsis villosa (Jurine), s = f 0 0 0 
Pionocypris vidua (Miller), - - - 0 f; ie ir 
Candona candida (Miller), - - - fi rs 1 r. 
“3 fabeformis Sess) - - 0 0 0 r. 
3 compressa (#), Koch, - - 0 0 r r: 
- acuminata (Fischer) - - 0 0 0 it. 
i a ehyating, Bxand Rs. ep =a tae fe i 0 0 
Darwinula stevensoni, B. and R., - 0 0 0 0 
*Cytheridea lacustris (G. O. Sars), - - 0 Pr 0 0 
LTimnicythere inopinata (Baird), — - - 0 0 0 r. 
CLADOCERA. 
Simocephalus vetulus (Miiller), — - - 0 0 0 f. 
Daphnia lacustris, G.O. Sars, - — - i. f f. 0 
Bosmina longirostris (Miller), — - - rr ig 0 5 
»  longispina, Leydig, - - iB 0 te 0 
Eurycercus lamellatus (Miller), - f, Te Yr; 0 
Acroperus harpe, Baird, — - - - f. Te 0 0 
Alonopsis elongata, G. O. Sars, - — - f: fr 0 r. 
Camptocercus rectirostris, Schoedler,  - 0 Is 0 r. 
Alona guttata, G. O. Sars, - — - - fic 0 ip 0 
» rustica, T. Scott, - - - 0 Ts 0 0 
», guadrangularis (Miller), - - 0 r 0 4 Yr. 
», affinis (Leydig), =i (de - i: 0 0 0 
», costata, G. O. Sars, - - - 0 0 0 Es 
Alonella exigua (Lilljeborg), - - ni 0 0 f. 
Pleuroxus trigonellus (Miiller),  - - 0 nr: 0 ffs 
“is uncinatus, Baird, - - 0 0 0 is 
Harporhynchus falcatus, G. O. Sars, - f. 0 0 0 
Chydorus sphericus (Miller), - - 0 ir. rs f. 
oe globosus, Baird, - - - 0 i. fr. (jun.) 0 
barb«tus (Brady) - - - 1p 15 0 r; 
= ceelatus, Schcedler, - 2 = 0 0 0 r. 
Monospilus dispar G. O. Sars, 5 de 0 0 0 r. 
Polyphemus pediculus (Lin. ) as i 0 0 0 


* The Cytheridea was obtained in sand from the bottom of the loch between Balloch 
Pier and Inchmurrin, 
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The total number of species of crustacea obtained in the hand-net 
gatherings was sixty-one, and of the mollusca nine. The formula shows 
the number of species belonging to each of the groups of crustacea— 
Amphipoda (1), Isopoda (2), Copepoda (3), Ostracoda (4), and Cladocera 
(5)—obtained in the different gatherings, and also the total number i each 
gathering. (The figures are now in the formula in place of the names.) 


Date. August 20. | November 23. | March 22. June 21. 


Numbers of the Groups, | 1, 2, 3, 4, 5. | 1, 2, 3, 4,5. | 1, 2, 8, 4,5. | 1, 2, 3, 4, 5. 


Number of Species in 
each Group, - A CONC co omelet iw ele ly arpa on lOn ls l2. Vile, 


Total Number in each 
Gathering, — - - 23. | 29. | 22. 26. 


Moreover, the total number of species belonging to each of the five 
groups obtained in all the four gatherings is, as shown by the Table :— 
Amphipoda, one species; Isopoda, one species; Copepoda, nineteen 
species ; Ostracoda, sixteen species ; and Cladocera, twenty-four’ species. 
It will be observed that a few somewhat rare forms were obtained in 
the Loch Lomond gatherings, the following of which may be mentioned 
here :—Cyclops dybowskyti, Lande (this has not been found in any other 
loch in Scotland); Canthocamptus schmeilit, Mrazek (so far, the only 
localities for this species in Britain are Loch Leven, Loch Lomond, and 
one or perhaps two other Scottish lochs); Monospilus dispar, G. O. 
Sars (this species has been observed in only a few places in Scotland), 

It is probable that some of these shore forms, as well as of those that 
live in the more open water, are affected by the changes incidental to the 
different seasons ; but to obtain satisfactory evidence of this would require 
a lengthened investigation, because the influences that react on these 
shore forms are more complex. They are, for example, more likely to 
be subjected to greater extremes of heat and cold. Moreover, droughts 
may occur in spring or summer or autumn that will have a much greater 
influence on these organisms than upon those that live out in the open 
water—at least, if the water be of moderate depth. The effect of floods 
will also have a more perceptible influence on the shore fauna, and these 
are phenomena that are not necessarily incidental to any particular 
season. It is probable that the curious changes that are sometimes 
observed in the distribution of the non-pelagic entomostraca may be due 
to accidental causes such as these, and not to the usual seasonal changes. 

During two of my visits advantage was taken of the opportunity to 
examine a small loch near Loch Lomond, called the Dhu Lochan. 
The Dhu Lochan is distant about two miles from Rowardennan, and near 
the road leading south to Balmaha. A small stream issues from its north 
end, and, after a somewhat circuitous course, falls into Loch Lomond. 
This , little loch was examined with the hand-net, and a considerable 
number of interesting Entomostraca were found in it. A number of them 
were similar to those found in Loch Lomond, but the following compara- 
tively rare species are additional to those recorded for that loch :— Cyclops 
nanus, G. O. Sars; Cyclops affinis, G. O. Sars; Scapholeberis mucronata 
(Miiller) ; Streblocercus minutus, G. O. Sars; Drepanothrix dentata 
(Kuren); Acantholeberis curvirostris (Miiller); Ilyocryptus sordidus 
(Lievin) ; Alonel/a nana (Baird) ; Peracantha truncata (Miiller). 
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(2) Loch Arklet. 


This loch is situated in the valley that stretches across from Inversnaid 
on Loch Lomond to Stronachlacher on Loch Katrine. It is a small loch, 
being only about a mile in length, by about four or five hundred yards 
broad. Loch Arklet is surrounded on all sides by rising ground, except 
towards the west; and therefore, though it is much nearer to Loch 
Katrine, the stream which issues from it—called the Arklet Water—flows 
westward into Loch Lomond, forming, where it terminates, the well- 
known Falls of Inversnaid. 

Loch Arklet, according to the Ordnance Survey maps, is about four 
hundred and sixty feet above the sea: it is therefore considerably above 
Loch Lomond or even Loch Katrine. The depth of the lech at the 
deepest part is a little over ten fathoms, but this depth is of limited 
extent, At my visit on 27th June 1898 I got a sounding at sixty-one 
and a half feet. = 

This loch was visited on 9th September and 26th November 1897, and 
on 15th March and 27th June 1898. 

Loch Arklet is the property of Mr. Dunsmure of Brenachoil and Inver- 
snaid Lodge. Through the influence of Sir John Murray I obtained 
liberty to make an examination of the loch, and had also a rowing-boat 
placed at my service. Moreover, Mr. Dunsmure very kindly sent his head 
gamekeeper to assist me, and him I found most obliging and helpful. 


Temperature and othe; Physical Observations. 


On account of the situation and limited dimensions of Loch Arklet the 
temperature of the water was found to differ to some extent from that of 
Loch Lomond. The annexed Table shows the temperature readings 
obtained on the four occasions the loch was examined :— 


l 
| Temperature. Wind. 


| : | we Surface Movement 
Date, | Hour. | Water. | | Wealher S| - 0 - on Wee 


Airy == {| Direcizon-"| Horee--| 
j | - 


| | 
Surf. 5fms. | 


_——$ ———— ——_ | Le... 


Degs. | Degs. Degs. | Degs. 


1897. | | 7 fms.| 
Sept. 9} 6p.m.. .. | 56°9; 55°6 | 55-0 | Variable. |Light. | Fine. | Smooth. 
'10fms. | 
Nov. 26)ll a.m. 46°4 | 45°0 | 49°0 | 45°0 |S. Westerly.) Squally. Dull. sh’wry.. Somewhat rough. 
: | | 
1898. 10fms.| | 
10fms. : 


Mar. 15] 5p.m., 46°5 | 3874 | 38°9 59-0 Southerly. |Squally.|Cold,sh’wry.| Somewhat rough. | 
June 27} 4p.m. 63°5 | 61°0 58°3 | 54:0 | Easterly. “Light. Cloudy, fine.| A slight ripple. | 


The surface reading for 9th September is fully three degrees Fahrenheit 
below that of Loch Lomond for the corresponding date. All the readings 
for November are also three degrees lower, and the surface reading for 
March is nearly four degrees less than that of the same date for Loch 
Lomond. It will also be observed here, as in the case of Loch Lomond, 
that the temperature of the water at the different depths in November 
and March is uniform or nearly so. The June readings for Loch Arklet, 
both surface and under-surface, are higher than those for the upper end 
of Loch Lomond; the temperature at ten fathoms shows a difference of 
nearly five degrees. The difference between the lowest and highest of 
the surface readings for Loch Arklet is 22°6 degrees, while between the 
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lowest and highest at ten fathoms the difference is 15:0 degrees. In 
the case of Loch Lomond the difference between the maximum and 
minimum temperatures at the surface and at ten fathoms at the upper 
end is respectively 17-4 degrees and 12°7 degrees. The differences in 
the temperatures of the two lochs will no doubt vary more or less from 
year to year, but will probably still be considerable. 


Pelagic Entomostraca captured by the Tow-nets. 


The tow-net examination of Loch Arklet yielded some interesting results 
as regards the seasonal distribution of some of the species. Holopedium 
gibberum, one of the most remarkable species of the Cladocera in Britain, 
was moderately common in the tow-net gatherings collected in September 
and November 1897. When the loch was examined in June 1898 the 
species was abundant all through the water; a haul was made at different 
parts, and though the net was only towed for about ten minutes each 
time, it captured at each haul a large quantity of this Cladoceran. On 
the other hand, when the loch was visited on the 15th of March not 
a trace of Holopedium could be seen, though several hauls were made to 
find out if the species had drifted to any particular part of the loch, or 
had temporarily left the surface and was living near the bottom, but it 
had completely disappeared. It may also be mentioned that in June, 
when the Holopedium was so abundant, other species previously observed 
were now either very scarce or absent in the gatherings collected, as 
if they had been more or less crowded out by this particular Cladoceran. 
Another point of interest may be noticed here as to certain differences in 
the catches made by the coarse and fine tow-nets. When the loch was 
examined in March the gatherings collected by both nets were compara- 
tively small, and Liaptomus gracilis, one of the Copepods captured, though 
scarce in that collected by the coarser net, was moderately common in the 
other. When the circumstances connected with these captures are 
considered, it seems as if the reverse of this might have been expected. 
The coarser net is fine enough to catch even smaller organisms than this 
Diaptomus, and as it allows the water to pass through it more freely than 
the fine net does, a greater quantity of water passes into the net, and it also 
passes in more quickly, and thus allows free-swimming organisms less 
time to clear out of the way. With regard to the fine net, the meshes are 
so fine that the water does not pass very readily through them. ‘This net 
has therefore a tendency to push the water out in front of it while it is 
being towed. An Entomostracan has thus a better opportunity to escape 
being captured by this tow-net than by the other; yet, as stated above, a 
greater number of Diaptomus gracilis were obtained by the fine net 
than by the coarser one. The annexed Table contains the names of all 
the species captured in the tow-nets, and the dates when captured. 


[ ‘TABLE. 
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TABLE CONTAINING THE NAMES oF ENTOMOSTRACA CAPTURED BY THE 
Tow-Ners, witH Date or Caprure. 


Abbreviations as before. 


1897. 1898. 


Names of the Species. <=> = a 
Sept. 9th.; Nov. 26. | Mar. 15. | June 27. 


YS 


COPEPODA. 
Diaptomus gracilis, G.O., Sars, - - 0 f. (fr.in fine] f. (c. in fine} f. (in fine 
net). net). net only). 
Cyclops strenuus, Fischer, - - : 0 rs 0 0 
7 wena, (Jurme), 7). - - 0 r r, 0 
,,  albidus, (Jurine),  - - - tT 0 0 0 
5,  fimbriatus, Fischer, - - - 0 0 0 r 
CLADOCERA. 
Holopedium gibberum, Zaddach, - - c. c 0 ab, 
Sida crystallina, Miller, - - - 0 r 0 0 
* Daphnia (2) longispina, Leydig, var. 
aquilina, - - - - - - c c ig f 
Polyphemus pediculus (Linn.), - - 0 0 0 ie 
| Bythotrephes longimanus, Leydig, - - ir; 0 0 f 
Leptodora hyalina, Lillj. - - - in 0 0 0 


It will be observed that the Daphnia was the only species which was 
obtained in all the four gatherings. Bythotrephes was observed in the 
September and June gatherings, but not in the others, and Leptodora 
occurred only in the September gatherings. It may be also noted that 
Infusoria (Ceratiwm, etc.) aud micro-algze were much less frequent in the 
June gatherings collected by the fine net than in those collected during 
the other months. 


The Shore Fauna Collected by the Hand-Net. 


Forty-two species of Crustacea were obtained in the gatherings collected 
by hand-net round the shores of Loch Arklet. They all belong to the 
Entomostraca, and comprise fourteen species of Copepoda, seven 
species of Ostracoda, and twenty-one species of Cladocera. A few 
comparatively rare forms—such as Cyclops macrurus, Canthocamptus 
inornatus, Harporhynchus falcatus, Acantholeberis curvirostris—were 
observed in these gatherings ; but such rare forms will be more particularly 
reigrred to under ‘‘ Notes on the Species.” The following are the names 
of all the species of Entomostraca observed in the gatherings collected 
round the shores of the loch. 


* Males and ephippial fema.es of this Daphnia were frequent in the November 
gathering. 
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TABLE CONTAINING THE NAMES OF ALL THE ENTOMOSTRACA OBSERVED IN 


THE Hanp-Ner GATHERINGS. 


The abbreviations are the same as in previous Tables, 


Dates. 


Names of the Species. 1897. 1898. 


Sept. 9. | Nov. 26. | March 15. | June 27. 


5 eee 5 Se —— 


COPEPODA. 
Cyclops bisetosus, G. O. Sars, - - 0 ig f. 0 
»,  veridis (Jurine), - - - 0 1 it 0 
5, albidus (Jurine), — - - - 0 Ts 0 0 
», fuscus (Jurine), - - - Nig 0 0 0 
»,  serrulatus, Fischer, - : - 1 i i 0 
3, macrurus, G. ©. Sars, - - f. 0 0 0 
jfimbriatus, Fischer, - - - f, 0 0 0 
Cunthocamptus stuphylinus Gi urine), - 0 Ys 0 0 
om minutus, Claus.,  - - 0 0 fr. 0 
cor nats, Ae Scott, - 0 re 0 0 
Altheyella crassa (G. O. Sars), — - - £ r. 10% f, 
9h pygmea (G. O. Sars), - - ie 0 it. f, 
oe zschokker (Schmeil), — - 0) Rr; 0 0 
Moraria anderson-smithi, T. & A. Scott, f; 0 Vie ie 
OSTRACODA. 
Cypria ophthalnvica (Jurine), - - f. Ne f E; 
Cyclocypris serena (Koch), - - - 0 0 0 fi 
a levis (Miller), - - - re ft (?)r 0 
oi globosa (G. O. Sars), - - 0 i r 0 
Candona candida (Miller), - - - te fr. f 0 
Ss kingslew, B. and R.,_~—- - f. E. f fe 
aA hyalina, B. and R., - - 0 i 0 0 


CLADOCERA. 


Sida crystallina (Miller), - - 
Bosmina longirostris (Miller), — - 
Drepanothrix dentata (EKuren), — - 
Acantholeberis curvirostris (Miller), 
Llyocryptus sordidus (Lievin), - 
Eurycercus lamellatus (Miller), - 
Acroperus harpe (Baird), - - 
Alonopsis elongatus, G. O. Sars, - 
Graptoleberis testudinaria (Fischer), 
Alona intermedia, G. O. Sars, - 
» rustica, T. Scott, - - 
nn guuata, G. O. Sars, '- - 
Alonella nana (Baird), - - 
a5 exigua (Lilljeborg), - 
Peracantha truncata (Miller), — - 
Harporhynchus falcatus, G. O. Sars, 
Chydorus sphericus (Miller), - 
a barbatus (G. S. Brady), 
aa (2) latus, G.O. Sars, - 
ai celatus, Schoedler, - 
Polyphemus pediculus, (Linn.), 


rh th © Fb oh rh rh hh oh oh bh oh rh oh oh oh bh bh oh th 
CH OmMHOOHOOHHA MON Omn OO 
DOR HF MOOSDSCOMOCOSCOSDCOOHO 
POSS POCOMOOMMmMOmOOm 


The annexed formula will show, for comparison, the number of species 
belonging to each of the three groups represented in the Table, that were 
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found in each of the four gatherings. The following abbreviations are 
used in this formula :—Co., Copepoda; Os., Ostracoda; and Cl., Cladocera. 


| Date, - - - - | 9th Sept. 1897. 26th Nov. 1897. 15th Mar, 1898,| 27th J une 1898, 


| | | 


| The grcups represented, | Co. Os. Cl. | Co. Os. Cl. | Co. Os, Cl. )Co, Os Cr 


ee CO 
{ 


eee 


No. of Species belonging | | 
to each group, - Pc R= Be E20 Sera woe eld CSRS OES Ss er | 


Total No. of Species in | 
each gathering, - 31 25 | 17 17 


enc pn oe: nes a) SES ee le 


The differences in the numbers of the species belonging to each of the 
groups, as brought out in the formula, may partly be accounted for by 
the difference in the time of the year when the gatherings were collected. 
Some of the species are probably more local than others in their distribu- 
tion, even in the same loch; and as exactly the same parts of the shore may 
not have been examined on each of the four visits, this also may to some 
extent account for the differences referred to. It may also be stated that 
very fea molluscs were observed in any of the gatherings collected here. 


(3) Loch Katrine. 


According to the reduced Ordnance Survey map, Loch Katrine is 
about eight miles in length, and has an average width of about three- 
quarters of a mile; and if a line be drawn from Trossachs pier at the 
lower end to the upper end where the stream that flows down Glen Gyle 
enters the loch, it will be found to stretch in a direction nearly W.N.W. 
3 W. The loch has a somewhat serpentine form, so that, while the upper 
half curves slightly to the south of the line I have indicated, the lower 
half bends nearly as much to the north. Moreover, if a line such as that 
suggested be drawn between the two ends of the loch, it will be found 
that the point where it touches the north shore is almost midway 
between the upper and lower ends. The normal level of Loch Katrine, 
as stated on the map, is three hundred and sixty-four feet above the sea, 
or about one bundred feet below the level of Loch Arklet; even the 
bottom of Loch Arklet at the deepest part is nearly forty feet 
above the surface of Loch Katrine. Loch Katrine is very deep in 
some parts; it would appear from the latest soundings that in Scotland 
the only lochs that exceed it in depth are J.och Morar, Loch Ness, and 
Loch Lomond. 

Loch Katrine was tow-netted at both the upper and lower ends during 
September and November 1897, and March and June 1898. The 
steamer that plys on Loch Katrine in connection with the summer traffic 
is aid up during the winter and early spring months, and thus it is not 
so convenient in the winter season to get to or from the upper end. But 
on the two occasions when I visited the loch in November and March, 
Mr. Dunsmure whose kindness I have already alluded to, sent his yacht 
to Stronachlacher and conveyed me thence down the loch to the 
Trossachs pier. 
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Temperature and other Physical Observations. 


Temperature observations at both the upper and lower ends of Loch 
Katrine were made on 9thand 10th September and 26th November 1897, 
and on 16th March and 27th and 28th June 1898, The readings 
obtained and the other records connected therewith are entered in the 
annexed Table. 


TABLE SHOWING TEMPERATURES, &C. 


| | Temperature. | Wind. 
-. ooo | 
ite hide | i te | Surface Movement 
Position. | Date. | Hour. | Water. Weather. Se water 
| Air. _ Direction. | Force. 
| | | 
Surf. 5Fms. 10Fms' | 
1897. | | Degs. Dege. Doses ltbene| | 1 
/Sept. 9 1 p.m. yt 67°4 | 64°S | 53°3 | Variable. Light. | Fine; mild. | Smooth, 
| | | | 
Upper end, | Nov. 26 2p.m. a 46°8 | 47-0 | 47-0 | Westerly. |Squally.| Showery. | Moderate. 
off Stronach- ; 1898. | | | | 
lacher. | Mar. 16] 10a.m. | 46°7 | 41:0 | 41°3 | 41°7 Westerly. Squally.| Very sh’wry.} Rough at times. 
“June 27 2am |) 62:9) | 58°0 | 55°0 48°5- Easterly. | Light. | Dull; warm.; Slight ripple. 
1897. | | | | | | 
Sept.10!10a.m.| .. 36°0 | 90°0 | 49:0 Variable. Light. Fine; slight | Smooth, 
| | | | | _ frost. 
Lower end, | Noy. 26] 4 p.m. .. | 46° | 47:0 | 47:0 | Westerly. |Squally.| Showery. Moderate. 


vicinity of 1898. 
Ellen’s Isle. | Mar. 16 3 p.m. 


.. | 41°6 | 42-0 | 42°1 | Westerly. Squally,| Very sh’wry. Somewhat rough. 
| | 


| 
| | | 
June apie mn | 62°9 | 58:4 | 550 = 47°7 =N.Westerly.| Light. Cloudy; fine.| Slight ripple. 
| | | } | 


The temperature observations as shown in this Table exhibit in some of 
their aspects a close resemblance to those of Loch Lomond. If, for 
example, the readings for the upper end of Loch Katrine, where the 
water is moderately deep, and not so likely to be influenced by temporary 
changes as shallow water, be compared with those for the upper end of 
Loch Lomond it will be found that though the readings for Loch Katrine 
are lower, the difference between the surface temperature and the 
temperature at ten fathoms is, taking all the four readings, nearly the 
same for both lochs. This is more clearly brought out by placing the two 
series of differences side by side, thus :— 


Loch Lomond—Upper End. Loch Katrine—Upper End. 
Difference between the Temperature at Difference between the Temperature at 
the surface and at ten fathoms on the surface and at ten fathoms on 
; 
Degrees. | Degrees. 
August 26, 1897, ake 5'1 September 9, 1897, = | 4°] 
November 25, 1897, - 0-0 November 26, 1897, - | 0-2 
March 3, 1898, - - 0-4 March 16, 1898, - - | 0-6 
| 
June 29, 1998,,- - | 10°8 dune 7 ISOs aida 10:7 
| 


In the first of the above series, Loch Katrine shows a difference of one 
degree less than Loch Lomond, but it will be observed that the date of 
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the Loch Katrine reading is nearly a fortnight later than that of the 
other, which may account for at least part of this discrepancy. With the 
exception of the first reading, however, the variation of temperature in the 
two lochs is seen to be fairly uniform. 


Pelagic Entomostraca Captured by the Tow-Nets, 


Entomostraca and other invertebrates were scarcer in Loch Katrine 
than in any of the other lochs examined. The following Table contains a 
list of all the species captured by the tow-nets at both the upper and 
lower ends of the loch. The abbreviations used are the same as in the 
other Tables. 


1897. ; 1898. 
Names of the Species. Es |= o EslEs|ES|E ES Eo | BX 
z i! o 4 ON ON o rm o a = N ON 
at) HY hie eee Par) HS o u oO 
Sees mele siie ie poise hse. is 
ee —— Ja ee 
COPEPODA. 
Diaptomus hircus,  - - 0 0 0 0 0 f 0 0 
G. S. Brady, es 
* gracilis, - - 0 r f r fs; fr 0 |} ec 
G. O. Sars, 
Cyclops strenuus, Fischer, - i f. ia rs 0 0 ri ir 
5, viridis (Jurine), - rs 0 0 0 0 0 0 0 
»,  albidus(Jurine), - sie 0 0 0 0-7 © 20 0 0 
5,  Jjembriatus, Fischer, 0 0 0 0 0 r 0 0 
Attheyella crassa, — - : 0 0 0 0 0 rs 0 0 
(G. O. Sars), 
CLADOCERA. 
Sida crystallina (Miller, ) - ri 0 Os) 5250) 0 0 0 r 
Bosmina longispina, - - c. fe 5 rs T. Ts c: fr. 
Leydig, 
Daphnia falcata, - 0 it f i 0 f. 0 oF 
. O. Sars, 
Eurycercus lamellatus, — - fe 0 0 0 0 0 0 0 
(Miiller), 
Polyphemus pediculus, - i. 0 0 0 0 0 f ir 
(Lin.), 
Bythotrephes longimanus, - f. & r. ie r. 0 fr. c: 
Leydig, 
Leptodora hyalina, - r f 0 0 0 0 fr. 0 


Lilljeborg, 


Diaptomus hircus was only obtained once during all the four visits, and 
it was captured with the fine tow-net. Dzaptomus gracilis was, as on 
previous occasions, usually more frequent in the gatherings collected with 
the fine tow-net, but Bythotrephes and Leptodora were more plentiful in 
the coarser net; Leptodora was entirely absent from the gatherings 
collected during the colder months. Attheyella and one or two of the 
Cyclops, as well as Sida and EKurycercus, were probably captured near the 
shore or by the net having been dragged through some aquatic plants. 
The largest gathering was that collected at the upper end of the loch in 
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June; Daphnia and Bythotrephes were moderately common in the 
gathering collected at this time with the coarser net, while Diaptomus 
gracilis was common in that collected with the fine net. Cyclops strenuus 
and Polyphemus appeared to be more frequent in the upper part of the 
loch, and Bosmina and Leptodora in the lower part, as shown by the 
Table. 

It may also be mentioned that Infusoria and diatoms were fairly 
common in the gathering collected with the coarser tow-net at the upper 
end of the loch in June, as well as in the fine tow-net. This shows that 
the coarser tow-net, though more open than the other, was yet fine enough 
to capture these minute organisms, and therefore the cause of its being 
less efficient in the capture of Diaptomus than the fine net, is the more 
perplexing. 


The Shore Fauna Collected by Hand-Net. 


The sides of Loch Katrine do not generally present conditions very 
favourable to shore-dwellers, An examination of the shore about 
Stronachlacher yielded scarcely anything that differed from the tow-net 
captures. The following are the species obtained after a careful examina- 
tion of a considerable portion of the shore at this place :—Copepoda— 
Cyclops serrulatus, very few. Cladocera—Bosmina longirostris, Eury- 
cercus lamellatus, Acroperus harpxe, Alonopsis elongatus, Alona affints, and 
Chydorus sphericus, all of which were scarce. 

At the lower end of Loch Katrine the shore between the Trossachs 
pier and Ellen’s Isle was examined, and yielded much better results than 
the shore at the upperend. This pert of the loch was therefore examined 
on each of the four occasions when the loch was visited, and a list of the 
species observed in the four gatherings collected here is contained in the 
annexed Table. 


(TABLE. 
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TABLE CONTAINING THE NAMES OF CRUSTACEA OBSERVED IN THE HAND- 
Net GATHERINGS COLLECTED AT THE Lower Enp or Locu KatTRINE. 


Abbreviations as before. 


Dates. 
Names of the Species. 1897. 1898. 
Sept. 10. | Nov. 27. | March 16./| June 28. 
AMPHIPODA. | 
Gammarus pulex (Penn.),  - - - 0 0 0 ft: 
COPEPODA. 
Diaptomus gracilis, G. O. Sars, - - 0 t 0 0 
Cyclops strenuus, Fischer, - - : 0 af 0 0 
Cyclops viridis (Jurine), - - =e vl 0 is 0 i 
»,  vernalis, Fischer, - 2 =e £: 0 0 £ 
48 bicuspidatus, Claus, - - - 0 a. f. 0 
»,  fuscus (Jurine), - = eae 0 0 0 1 
.,  albidus (Jurine), — - - ail ite 0 0 0 
»,  serrulatus, Fischer, - - - f. f. 0 f. 
Jimbriatus, Fischer, - - - f, 0 0 0 
Canthocamptus staph ylinus (Jurine),  - i, ue fr, 0 
4 cnornatus, T. Scott, - 0 te f. 0 
minutus, Claus, — - - Le i i 0 
Attheyella crassa (G. O. Sars), — - aay f: fr, Hg f. 
iS pygmed (G. O. Sars), - | f; 0 ue i 
Moraria anderson-smithi, T. & A. Scott, | f: fr, Pe 0 
OSTRACODA. | 
Cypria ophthalmica (Jurine), . 7) 0 fr. ir: i. 
Cyclocypris serena (Koch), - - 5 | ie iis 0 1 
- levis (Miiller), - - - 0 0 f 0 
a globosa (G. O. Sars), - - 0 if fr? i. 
Candona candida (Miller), - - - | rs fr: oe r. 
»»  Kengslen. B. and an., 4 = =| xe fi 0 
»,  Ayalina, B. and R., - - .| r, r. r. 
| CLADOCERA. | 
| 
Daphnia galeata, G. O. Sars, - - | 0 0 0 fe 
Bosmina longirostris (Miller), — - - | f: 0 ¥ 0 
EKurycercus lamellatus (Miler), = - - | 0 0 0 te 
| Acroperus harpe, Baird, — - - =loaal fe 0 0 f; 
_ Alonopsis elongata, G.O,. Sars, - - | fi. 0 0 i 
Alona affinis (Leydig), - - = Gl if r. 0 | is 
» guadrangularis (Miller), - - 0 a: 0 0 
», intermedia, G. O. Sars, - - te 0 0 0 
5  guittata, G.-O. Sars: - - f 0 r; i 
Alonella nana (Baird), - - - E 0 0 is 
»  exigua, G. O. Sars, - - i 0 0 oe 
Pleuroxus trigonellus (Miller), - - E 0 0 0 
Peracantha truncata (Miller), —- - 0 0 0 ie 
Harporhynchus falcatus, G. O. Sars, - 0 0 0 t. 
Chydorus sphericus (Miiller), - - . £ i i; 
», barbatus (Brady), - . - Te i 0 T. 
ape CLGLUS, Schouler’ - - 0 r. 0 0 


Forty species of Crustacea were obtained in the gatherings collected by 
hand-net at the lower end of Loch Katrine. They comprised one species 
of the Amphipoda, fifteen species of Copepoda, seven species of Ostra- 
coda, and seventeen species of Cladocera. There were alsc one or two 
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species of Mollusca, t.e., Pisidium and Limnxa, but they were very 
scarce, The Crustacea were also individually scarce, though a considerable 
variety of them were obtained. The total number of the species of 
Enutomostraca observed in each gathering, and also the number belonging 
to each of the three groups represented, are shown in the annexed 
formula :—Co., Copepoda; Os., Ostracoda; Cl., Cladocera. 


| Date, - - - - 10th Sept. 1897. 27th Nov. 1897.|16th Mar. 1898. 28th June 1898. 


"Groups represented, - Co. Os. Cl. Co. Os. Cl. | Co. Os. Cl. | Co. Os. Cl. 


, Number of Species in 


each group, On 41 OM Ga 5 7 De A he One Oe PLZ 
| Total Number in each | | 
| gathering, - - 20 21 | 15 | 18 


The number of species of Cladocera is considerably larger in the 
gatherings collected in September and June than in those collected during 
the colder months; but as regards the Copepoda the reverse of this is 
observed, though the difference is not so great. A somewhat similar 
difference is observed in the gatherings collected in Loch Arklet. 


(4) Loch Achray. 


The normal level of Loch Achray is stated to be two hundred and 
seventy-six feet above the sea, or eighty-eight feet lower than the level of 
Loch Katrine.* It appears to be nearly of the same size as Loch Arklet, 
but it differs considerably not only in its elevation, but also in its sur- 
roundings. It has been remarked that Loch Achray appears to be merely 
an expansion of the River Teith ; and it is also probable that, at a com- 
_ paratively recent period, it was smaller in size and stood at a lower level 
than at present. If any good map of the district be examined, it will be 
observed that at a short distance from the east end of the loch the River 
Teith is joined by the Finglass—a stream which takes its rise ten or twelve 
miles to the northward, and which, flowing down Glen Finglass, drains a 
considerable portion of the neighbouring uplands. This stream debouches 
from Glen Finglass almost at right angles to the bed of the Teith, and 
where it enters that river it makes a slight bend to the west. Between 
this point and the east end of Loch Achray the Teith has very little of a fall; 
and thus it happens that when the Finglass, swollen by heavy mountain 
rains, comes down in flood, the current of the Teithis sometimes overpowered 
and the water is forced back into Loch Achray, which, in consequence, 
rises at such times more or less above its normal level. Moreover, the 
Finglass will also, when in flood, carry down from the hills considerable 
quantities of débris—such as sand and gravel, branches, and roots of 
trees—which will no doubt have, within certain limits, tended to obstruct 
the bed of the River Teith, and thus gradually, and more or less perma- 
nently, to raise the level of the loch beyond. 


* It may also be stated that, according to the reduced Ordnance Survey m p, 
present level of Loch Vennachar is only six feet below that of Loch Achray. 
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There are parts of the shores of Loch Achray that are fringed with a 
rich growth of vegetation which might be expected to afford shelter to a 
numerous Entomostracan fauna; but here, as in some other lochs where 
similar favourable conditions exist, it was found that the young trout 
and minnows were also cognisant of this fact, for shoals of these tiny 
marauders were observed busy at work trying to secure a share of the 
Entomostracan food sheltering amongst the aquatic vegetation. It is our 
experience, as it is the experience of others, that where these small fishes 
are plentiful the shore Entomostraca are not so numerous. 

Loch Achray, like the other lochs, was examined on four different 
occasions. The method of examination was also similar, and the follow- 
ing is a record of the results obtained. 


Temperature and other Physical Observations. 


The annexed Table shows the temperature and other observations as 
recorded during the four different examinations of Loch Achray. The 
observations were taken well off shore, but not so far off as to be in the 
line of the river current. 


TABLE SHOWING TEMPERATURE AND OTHER PHYSICAL OBSERVATIONS. 


| Temperature. Wind. 


Surface Movement 


Date. | Hour. Water. Weather. of Water. 


A | MD ITECHONEN | MHORCe: 
Surf. |6 Fms.|1l0Fms 


1897. Degs.| Degs.| Degs.| Degs. 
Sept. 10) Noon. a0 57°0 | 55:0 | 55°0 | Variable. Light. | Mild; fine. | Slight ripple. 
Nov. 27; Noon. | 45°2 | 45°9 | 45°9 | 46°0 | Westerly. |Squally.|Hvy show’rs} Rough. 
1898. 26ft. of rain. 
Mar. 17| lla.m. | 49°4 | 40°8 | 40°9 .- |S. Westerly. |Squally.; Showery. Rough. 


June eee 78°5 | 64:1 | 52°6 | 48°8 | Calm. a Fine; warm.| Smooth. 


When the loch was tow-netted in November, the wind, though moderate 
at first, increased so much that our boat had to be run ashore half way 
down towards the east end of the loch; and on 17th March the weather 
was again so stormy that it was not considered advisable to proceed to the 
usual distance off shore, and on this occasion, therefore, a sounding of 
only twenty-six feet was obtained; on the other hand, soundings of ten 
fathoms were obtained in September and November, and when the loch 
was examined in June no bottom was found at sixty-four feet. 

The temperature readings for this loch are in some respects different 
from the other lochs examined, but probably this is owing to the some- 
what different physical conditions of Loch Achray. Comparison with 
other lochs can therefore only be made within certain limits. Loch Achray 
is comparatively small aud narrow, and, except in dry seasons, there is a 
moderately large current of water continually passing through it. This 
current sets up movements in the water that tend not only to equalise the 
temperature, but also to reduce it. This is partly confirmed by the 
observations contained in the Table. Loch Achray is situated not only at 
a lower level than Loch Katrine, and is largely supplied with water from 
that loch, but it is also much smaller and more sheltered ; its temperature 
might therefore be expected to be at least as high as that of the loch from 
which so large a proportion of its water comes. We find, however, that 


of the Fishery Board for Scotland. 153 


notwithstanding all this, its temperature for September, November, and 
March is really lower; but, on the other hand, when the loch was visited 
on the 28th of June, when the weather was, and had been for some time, 
warm and dry, and the stream flowing into it from Loch Katrine had 
consequently become much reduced, so that there was less movement in the 
water to equalise the temperature, the surface temperature was found to be 
considerably higher than that of any of the lochs previously examined. 
The surface and bottom temperature of Loch Achray exhibited in Septem- 
ber a difference of only 2 degrees Fahrenheit, whereas the difference 
between surface and bottom temperature in June was over 15 degrees. 
In November and March the water appeared to be of a nearly uniform 
temperature. The difference between the highest and lowest surface 
readings is fully 23 degrees, but there is only a difference of 9 degrees 
between the highest and lowest readings at ten fathoms. 


Pelagic Entomostraca captured by Tow-Net. 


In the following list of Entomostraca captured with the tow-nets, it will 
be observed that Holopedium, though common in the gatherings collected 
in September and June, is not represented in those collected in September 
and March—which confirms what is said under Loch Arklet as to the 
influence on this species of seasonal changes—so far, at least, as regards its 
appearance in the smaller lochs. Bythotrephes also appears to be subject 
to somewhat similar seasonal variation. Daphnia, on the other hand, is 
apparently not so much affected by mere seasonal change. In Loch 
Achray, as in other lochs, Daphnia is one of the very few pelagic forms 
found in all the four gatherings that were collected. 


TABLE CONTAINING THE NAMES OF THE ENTOMOSTRACA COLLECTED IN 
THE Tow-NETs. 


Dates, 
Names of the Species. 1897, 1898. 
Sept. 10. | Nov. 27. | March 17. | June 28. 
COPEPODA. 
Diaptomus gracilis, G. O. Sars, - - Ir.(fr. in finelr. (fr. in fine fi r.(fr. in fine 
| net): net). net), 
Cyclops strenuus, Fischer, — - - =| if r. (fr. in fine 0 f. 
»  leuckarti, Claus, - - - 0 eo 0 fe 
» viridis (Jurine), - - - r. fi 0 0 
,, abidus(Jurine), — - . : is fr, 0 0 
CLADOCERA. | 
Holopedium gibberum, Zaddach, - - Cs 0 0 C, | 
Daphnia galeata, G. O. Sars, - - C. fir f C. | 
Bosmina longispina, Leydig, - - ft f. f i 
Eurycercus lamellatus (Miiller), — - 0 fr. 0 0 
Alonopsis elongatus, G. O. Sars, - 0 0 0 r. 
Bythotrephes longimanus, Ley dig, - fe 0 0 f 
Leptodora hyalina, Lilljeborg,  - f 0 0 0 
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Diaptomus gracilis, though scarce in the gatherings collected with the 
coarse net, were usually frequent in those collected with the fine net. 
Diaptomus, Bosmina, and Daphnia were the only species that occurred 
in all the four gatherings. Cyclops viridis and albidus, and Hurycercus 
and Alonopsis, were probably captured by the net passing over some 
shallow water or amongst aquatic plants. With the exception of 
Diaptomus, and on one occasion of Cyclops strenuus, all the species named 
in the list were more numerously represented in the gatherings collected 
with the coarser tow-net, and some were only captured with that net. A 
few male Daphnia were observed in the gathering collected in September. 


Shore and Bottom Invertebrates captured mostly by Hand-Net. 


The following list contains the names of the species collected chiefly 
with the hand-net, and a few that were obtained by dragging the tow-net 
for a short distance over the bottom of the loch; those captured by the 
tow-net are indicated by an asterisk, 


|TABLE, 
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TABLE CONTAINING THE NAMES oF INVERTEBRATES CAPTURED ‘CHIEFLY 
BY Hanp-Net. 


—- whee — $$$ ~ = — 


Dates. 


Names of the Species. 1897. 1898. 


SSS Ee 


| 


Sept. 10. | Nov. 27. | March17.| June 28. 


MOLLUSCA, | | 
Pisidium pusillum, Jenyns, f @: f 0 
* Planorbis contortus, Linné, - 0) fr, 0 0 
% Es albus, Miiller, - - - 0 ff 0 0 
Limnea peregra (Miiller), - - ie | i | fir; r 0 


CRUSTACKA—COopEPODA, 


Diaptomus gracilis, G. O. Sars, - 
Wrerzejskii, Richard, - - 
Cyclops bicuspidatus, Claus, - 
53) wernalis, Fischer,  - - - 
5,  bisetosus, Rehberg, - - - 
»  vtridis (Jurine), - - - 
», fuscus (Jurine), “ : 4 
., Mbidus (Jurine), 
»  serrulatus, Fischer, - - - 
| fimbriatus, Fischer, - - : 
Canthocamptus staphylinus (Jurine), — - 
| a tnornatus, T. Scott, - 
minutus, Claus, - - 
Attheyella crassa (G. O. Sars), —- - | 
“i pygmea (G. O. Sars), - ay 
ia ria anderson-snithe, T. & A. Scott, 


Soo Price IS PS oSooao 
Sm eofek cad sae ack ta ator Eta Entay teto ybeseelctoy 2) tg) 
SF He Ror Ooooomt Sr So 
SST ies) BOR ap eth ge (esi) th ies ist 


=p brevipes, G. O. Sars, - - 
OSTRACODA. 
Cypria exsculpta (Fischer), - - - 0 ye: i 0 
»,  ophthalmica (Jurine), - - 0 0 r. fr 
Cyclocypris levis (Miller), - - - 0 1 £ 0 
| ne serena (Koch), - - - es rs 0 f 
| i globosa, G. O. Sars, - - At re: fr, f 
_ Cypris obliqua, G. 8. Brady, - - 0 ti 0 0 
_ *Pionocypris vidua (Miiller), - - 0 | f 0 0 
| Candona candida (Miiller), - - tr ioe 0 f 
an kingslen, B. and Ri,  - - irs re 0 | 0 
| CLADOCERA. | 
Sida erystallina (Miiller), — - - - fi. 0 0 0 
Bosmina longirostris (Miller), =u fe 0 f. 0 
_ *Lathonura rectirostris (Miller), | 0 r, 0 0 
| Drepanothri« dentata (Kuren), — - - | ie | Es 0 r 
Ilyocryptus sordidus (Lievin), pel 0 ie 0 f 
Acroperus harpe, Baird, — - - - f fs 0 f 
Camptocercus rectirostris (Schcedler), — - 0 i 0 0 
Alonopsis elongatas, G. O. Sars, i Dei 0 f 
* Alona guttata, G. O. Sars, - - | 0 ie 0 0 
» guadrangularis (Miller), - - 0 i 0 0 
5 afinis, Leydig, - - : - ‘ip 0 0 r 
», rustica, T. Scott, - - - 0 £; 0 0 
5,  tntermedia, G. O. Sars, . 0 0 0 f 
A lonella exigua, G. O. Sars, - - lip 0) 0 f 
‘, nana (Baird), - - - 0 i. 0 f 
Pleuroxus trigonellus (Miller), . - 0 Te 0 0 
Peracantha truncata (Miller), — - - f 0 0 0 
Harporhynchus falcatus, G. O. ey - if; 0 0 r 
*Chydorus globosus, Baird, — - = 0 Te 0 ) 
»  sphericus (Miiller), - tip i f, f 
» barbatus (Brady), - - - fr: i. 0 Y 
I Catus: Gros Saree - - - 0 0 fr: 0 
»,  c¢elatus, Scheedler, - - : 0 0 0 r 
Monospilus dispar, G. O. Sars, - - 0 Ts 0 0 


L 
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Loch Achray is the only loch of the present series where Diaptomus 
wierzejskti was obtained. Lathonura rectirostris and the equally rare 
Monospilus were also obtained here. Fifty species of Entomostraca and 
four of Mollusca are recorded in this Table. The Entomostraca comprise 
seventeen species of Copepoda, nine species of Ostracoda, and twenty-four 
species of Cladocera. The formula shows the number of species belonging 
to each group that were observed in each of the four gatherings. Co., 
Copepoda ; Os., Ostracoda ; Cl., Cladocera. 


Sept. 10, | Nov. 27, | March 17,| June 28, | 


ree i897. | 1897. | 1908 "| 1898, | 
Names of the groups, - - : - |Co. Os. Cl.|Co. Os. Cl.}Co. Os. Cl. | Co. Os. Cl. 
Number of Species in each group, - ibe es plese ae ee 12, 4, 12. | 
Number of Species in each gathering, | 21. 36, | 15 28. | 


The largest number of species was obtained in the November gathering, 
and the smallest in that collected in March. During my visit to the loch 
in June the boatman who was assisting me drew my atteution to a green 
substance which he had observed growing in several places near the north 
shore where the water was shallow. This proved to be a fresh-water 
sponge (Spongilla fluviatilis). It appeared to be moderately common in 
some parts of the loch. 


(5) Forfar Loch. 


Forfar Loch, which belongs to the Earl of Glamis, is situated a little 
to the west of the town of Forfar. It extends in a S8.W. and N.E. 
direction, and is, according to the reduced Ordnance Survey map of 
the district, a little over a mile in length by about three hundred and 
eighty or ninety yards broad at the widest part. The land on the north 
side and near the middle extends some distance out into the loch and 
forms a kind of peninsula, and the loch is here much narrower than it is 
to the east or the west of it. The elevation of the loch is about one 
hundred and seventy-one feet above the level of the sea. The overflow 
water finds an exit at the west ed, and under the name of the “ Dean 
Burn” makes its way in a winding course of some ten or twelve miles to 
the River Isla, which it joins a little to the north of the town of Meigle. 
The east end of Forfar Loch has become so much filled up as to be little 
better than a marsh ; a considerable portion of the shore is also fringed 
with tall reeds. The loch for the most part is shallow, but there are one 
or two places where the water is of moderate depth. Near the middle of 
the loch I obtained a depth of twenty-one feet, while some distance to the 
west of the peninsula already referred to, and comparatively near to the 
north shore, a sounding of thirty-five and a-half feet—or almost six 
fathoms—-was obtained, and this was at a time when the loch was below 
its normal level. Extensive beds of marl exist in certain parts of the 
loch. A small quantity of this marl which was brought up in the tow- 
net was found to consist to a large extent of dead molluscan shells, 
Vulvata piscinalis and Limnea peregra being specially numerous. 

Forfar Loch was examined on five different occasious—viz., in July 
and November i897, and in March, June, and September 1898. When 
visited in July 1897 our 1esearch was restricted to the shore, which was 
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examined by means of the hand-net; but on the other four occasions 
when the loch was visited the usual tow-net examination was made, 


including temperature and other physical observations. 


I would here 


acknowledge my indebtedness to Andrew Ralston, Esq., factor to Lord 
Glamis, who not only allowed me the use of the boat for tow-netting the 
loch, but also kindly sent one of the gamekeepers to assist me with the 


work. 


Temperature and other Physical Observations. 


The annexed Table contains a record of temperature and other 
observations made at Forfar Loch on the different occasions when the 
loch was examined by means of the tow-nets. 


‘TABLE SHOWING TEMPERATURE AND OTHER PHYSICAL OBSERVATIONS. 


Temperature. Wind, 
| = aa 
Date. Hour. Water. | 
Air | Direction. | Force. 
...¢ |Under|Under;| 
| | Surf. | surf, | Surf. | | 
| Degs.| Degs. | Degs. | Degs. 
| 1897. | 21ft. | | | 
Noy. 3) Noon. | 50°0 | 47°5 | 47°6 | S: E. | Light. 
1898, | | 3oft. | 
Mar. 4| at | 44:0 | 36°8 | 37:0 N. by E. |Mod’rate 
| B54ft. | 
June lé6_,, 72-9 G22 1085-2 Easterly. | Light. 
30ft. | 
| Sept. 15| 11 a.m..| 59°5 | 59°5 | 59:0 } Cahn. 


| 


Surface Movement 


Weather. of Water. 


Sky overcast) Slight ripple. 


Sky cloudy. | Not very rough, 


Sky overcast) Smooth. 


Slight haze. | Smooth. 


It will be observed that when the loch was examined in March the 
temperature of the water was only about 5 degrees above freezing point. 
It will also be noticed that the difference between the surface temperatures 
in March and June was 25:4 degrees, and in March and September 22°7 
degrees; while the difference of the under-surface temperatures for the same 


periods was 18:2 degrees and 22-0 degrees respectively. 


In the one case 


there is a decrease, and in the other an increase, which is simply the 
result of the surface and under-surface water having in the latter month 


become of a more uniform temperature. 


It may be also further remarked 


that while the temperature of the water in March is considerably below 
what it was in November, it is on each of these occasions nearly uniform 


for surface and under-surface. 


All these results agree very closely with 


what was observed at Loch Lomond, and are probably to be explained in 
the same way in which tf have tried to account for the differences observed 
in the temperature readings obtained in that loch. 


Pelagic Entomostraca Captured by the Tow-Nets. 


The free-swimming Entomostraca in Forfar Loch appear to consist 
chiefly of three species, viz.:—Diaptomus gracilis, G. O. Sars; Cyclops 


strenuus, Fischer; and Daphnia lacustris, G. O. Sars. 


A few other 


species were captured in the tow-nets, but they were all of rare occurrence. 

Notwithstanding the great difference of 22 to 25 degrees Fahrenheit) 
between the summer and winter temperature of the water referred to in 
previous remarks, the Daphnia were found to be abundant on all tour 
occasions when the loch was tow-netted, though they were apparently 
more plentiful in June and September; a few of the males of Daphnia 
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were observed in both of these latter gatherings. Diaptomus was much 
more common in the gathering collected in November-—-especially in that 
collected with the fine net—than in any of the others. Cyclops strenuus 
was more or less frequent in all the four gatherings. The annexed Table 
contains the names of all the species captured in the tow nets. 


TABLE CONTAINING NAMES OF SPECIES AND DATES WHEN CAPTURED 
IN ForFar Locu. 


(Ab., abundant ; c., common ; fr., frequent ; f., few; r., rare ; 0, none.) 


| Dates. 
Names of the Species. 1897, 1898, 
| Nov. 8. | March 4. | June 16, | Sept. 15. 
| COPEPODA. 
Diaptomus gracilis, G. O. Sars, - = a fab. inj) Ta(ir. a ea ie in ir: 
| fine net.) | fine net.) | fine net.) 
| Oyclops strenuus, Fischer, -  - : fr. fr. €(ff,in | ir; 
fine net.) | 
»,  euridis(Jurine), - - ~ | 0 ar. 0 0 
, albidus(Jurine), - - - 0 r. Ol. ao 
CLADOCERA. 
| Ceriodaphnia reticulata (Jurine), - . 0 0 0 ry 
| Stimocephalus vetulus (Miller), — - eT 0 ri 0 0 
| Daphnia lacustris, G.O. Sars, - hie ab. ab. ab. 
Chydorus sphericus (Miller), - - 0 0 0 ¥ 


The gathering collected with the fine net in September contained 
numerous Ceratium, Diatoms, Desmids, Nostoc, and others. So numerous 
were these minute forms of animal and vegetable life that they made the 
water obscure, so that it had the appearance as if fine dust were held in 
suspension. These minute forms may be reported on later. 

The Certodaphnia were represented chiefly by females with pseudova, 
but there were also a few ephippial females and one or two males. The 
Daphnie consisted chiefly of females with psewdova ; and besides the males 
already referred to as having been observed in the June and September. 
gatherings, there were also a few ephippial females present in these 
gatherings. Very few creatures other than the Entomostraca, and the 
Infusoria and Micro-algze already mentioned, were observed in the tow-net 
collections. 


The Shore and Bottom Fauna collected chiefly with the Hand-Net. 


‘The Crustacea, Mollusca, etc., captured with the hand-net were fairly 
numerous and varied, and amongst them several rare forms were observed. 
These will be more particularly referred to in the sequel. 

It has been remarked that, besides the four occasions on which the loch’ 
was tow-netted, the shores had on a previous visit—viz., in- July 1897 
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—been examined by hand-net; and as several interesting species were 
then obtained which did not occur in any of the subsequent gatherings, 
I have included the results of this one in the same list with the others. 
A list of all the Mollusca and Crustacea observed during these five 
visits is therefore contained in the annexed Table, which also includes 
a few molluscan species that were captured by allowing the tow net to 
drag for a short distance over the mud at the bottom. 


TABLE CONTAINING THE NAMES OF ALL THE SPECIES OF MOLLUSCA 
AND CRUSTACEA. 


Dates. 


Names of the Species. 1897. 1898. 


July 27. | Nov. 3. | Mar. 4. | June 16.|Sept. 15. 


MOLLUSCA. | 
Spherium cerneum (Linné), - - 0 fir: iis fr. f. 
Pisidium pusillum (Gmelin), — - - i: re 1 105 0 
« nitidum, Jenyns, | 0 fr. 0 Ee OF 4 
* Anodonta cygnea, Linné, : =| 0 ys) 0 fire O. | 
| Valvata piscinalis, Miller, : =| fe @; fe i Vibes 
| »  eristata, Miller, - : aif] fe 1a 0 r. Pe | 
_ Planorbis nitidus, Miller, - - z tie 0 0 0 Or.) 
<. nautileus (Linné), — - z 0 I; 0 i Onze. 
<5 albus, Miiller,  - é z 0 0 0 f. OFF. | 
of contortus (Linné), - - | i, rr Vi 5 fea 
Physa fontinalis(Limné), - - - | 0 ig f 18. apa te 
Limnea peregra (Miller), : eal i fr. fr. fr. fr. | 
x palustris (Miiller), : : te 0 0 0 ey eal 
Succinea putris, Linné, — - - - 0 0 0 PsA Oe 
CRUSTACEA: AMPHIPODA. | | 
| | 
Gammarus pulex (Penn.), - ; | 0 alse fr. Qi. | 0 


COPEPODA. 


DPiaptomus gracilis, G. O. Sars, - - 
Cyclops strenuus, Fischer, - - 
»  biscuspidatus, Claus, 
»  vernalis, Fischer, - S 
,, viridis (Jurine), 
»,  albidus (Jurine), 
»,  serrulatus, Fischer, 
»  Jtmbriatus, Fischer, - 
phaleratus, G0; Sars, - - 
Canthocumgptus staphylinus, Jurine, - 
<A cnornatus, T. Scott, 
minutus, Claus, - - 
A ttheyella duthiei, T. and A. Scott, 
| a crassa (G. O. Sars), - - 
- pygmea (G. O. Sars), . - 
_ eschokket (Schmeil), - 
Moraria anderson-smithi, T.& A. Scott, 
‘s brevipes, G. O. Sars, - - 


© Ph rh rh oh rh oh oh oh bh bh bh rh rh oh rh oh rh 
ooosoooocopoomomocomrs 
POOP POP OP Ommon mom 
Son SSOCH OF OMMmon Some 
SOSCSSDSCOMMOmMMOMOOMS 


OSTRACODA. 


| Cypria exsculpta (Fischer), 

4,  ophthalmica (Jurine), 

Cyclocypris serena (Koch), - - . 

Cypris incongruens, Ramdohr, - - 
»  pubera, Miller, - - 

| Herpetocypris reptans (Baird), - 

| 5 tumefacta, B. and R., 


One eb ea Sa pip 
OnHOOHO 
Onn OOmMO 
rh OmmhO 
mt oe Ae eee 


*The Anodonta was not found in the loch, but i in the bed of the Dean F Burn a short 
distance from where it issues from the loch. 
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‘TABLE CONTAINING THE NAMES OF ALL THE SPECIES OF MoLiLusca 
AND CrRustacEA—continued. 


Dates 
Names of the Species. 1897. 1898. 
July 27.| Nov. 3. | Mar. 4. | June 16.| Sept. 15., 
: | 
OsTRACODA—continued, 
| 
Llyodromus olivacea, B. and N., HW oweee: 0 0 0 
es villosa (Jurine), — - f, 0 1 0 
newtonr, B. and R., po ete 0 0 0 | 
Ll, yor pr is biplicata (Koch), : = Soler 0 3 0 | 
Potamocypris fulva, G.S. Brady, - | f. 0 0 0 | 
Candona candida (Miiller), - er aera r. i, if | 
A lactea, Baird, - - a ge ike 0 0 0 | 
i kingsleti, B. and R., - - tip 0 0 0 
- rostrata, B. and N., - oes 0 Or aal 0 | 
»  fabeformis (Fischer), 0 0 | 0 | 
Limnicythere inopinata (Baird), - f. Oe Tome a f, | | 
CLADOCERA. | | | 
Ceriodaphnia laticaudata, P. BE. Miller, f. 0 On 0 | 0 
Scapholeberis mucronata (Miller), - i. 0 0 Oo ie 
Simocephalus vetulus (Miiller),  - - f. ime 0 0 | ere 
Daphnia lacustris, G. O. Sars, - te fe ve c. toy Sp 
Tlyocryptus sordidus (Lievin), -  - 0 Or ako f. f. | 
Eurycercus lamellatus (Miiller), < 2 | fe Ore | 0 0 0 
Leydigia quadrangularis (Leydig), er a0 0 | 0 rt 0 
Alona affinis (Leydig), — - fae OF a 0 0 a 
» quadrangularis (Miiller), ne f¥ >! ) fr. 0 
»  guttata, G. O. Sars, fe = 0} | P: tr: 0 
Pleuroxus uncinatus, Baird, - fe 0 | 0 0 fr. | 
- ty igonellus (Miiller hie 1 £104 0 0 OFF) 
Chydorus sphericus (Miiller), — - fs | 1 0 ti; 


The accompanying formula shows the number of species belonging to 
each of the three entomostracan groups which were observed in the 
different shore gatherings. Co., Copepoda; Os.. Ostracoda; Cl., 


Cladocera. 
| July 27, | Nov. 3, | March 4, June 16, | Sept. 15 
Date | | = : 
: ye so( = 3) M897: 1898. 1898. 1898, 

| Names of the groups = Co, Os. Cl. Co. Oss CliCoyOssCliGomOs: ie Os. Cl. 
| eet Mee eats Ree te. 
: cores Species in eee | | 
| group, - - - (Ae 1S Ue Ao a2 8 8 oi 6 Seon a 
| Number of Species ineach | | | 
| gathering, : a 43 13 23 20 | y 


When the loch was visited in July the weather was exceptionally 
favourable for shore-collecting, and by far the largest number of species 
in all the three groups was then obtained. The formula shows that the 
total number obtained in this gathering was forty-three, or nearly double 
the highest number observed in any of the other four gatherings. Fifty 
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species of Crustacea and fourteen of Mollusca are the total number of the 
species belonging to the two groups of organisms observed in the various 
gatherings collected. ‘The Crustacea comprised one Amphipod, eighteen 
species of Copepoda, eighteen of Ostracoda, but only thirteen of Cladocera. 
The number of Cladocera observed in the hand-net gatherings collected at 
Forfar Loch is smaller than that observed in any of the lochs previously 
described. 

Amongst the rare species observed in this loch mention may be made 
of the following :—Canthocamptus inornatus was discovered for the first 
time in Rescobie Loch, near Forfar, a few years ago, and it is interesting 
to find it also in Forfar Loch. Moraria brevipes has been observed in 
very few of the Scottish lochs. Cypris pubera and Jlyodromus violacea 
are two Ostracods that are still considered as rare British species. 
Leydigia quadrangularis is a somewhat rare Cladoceran, which in Scotland 
has only been observed in a few places. 


(6) Loch Leven. 


Loch Leven, so well known for the excellence and beauty of its trout, 
and which is now more frequented by anglers than any other loch in 
Scotland, is one of the series of lochs that have recently been examined, 

An investigation was also made of this loch in June 1890, and the results 
were fully described in a paper published in Part III. of the Ninth 
Annual Report of the Fishery Board for Scotland(1891). In this paper 
reference is made to some interesting statistics bearing on various matters 
connected with the Loch Leven fishery, to which the attention of the reader 
is directed. The present area of the loch, as stated in the previous paper, 
is about 3406 acres, or 1232 acres less than it was previous to 1845, The 
greatest length of the loch, measuring in a straight line from a point a 
little east of the Sluices to the head of the bay called Burleigh Sands, is 
slightly under three and three-quarter miles, while its greatest width 
appears to be nearly two and a quarter miles. It somewhat resembles a 
triangle in general outline, the eastern extremity, where the River Leven 
that drains the loch takes its rise, being the apex, and the end next 
Kinross the base. The height of Loch Leven above the sea is about three 
hundred and fifty-three feet; it is comparatively a shallow loch, but in the 
vicinity of St. Serf’s [sland—off the south and south-west shores—depths of 
seventy and eighty feet are met with. It is also moderately deep a little 
to the north and north-east of Scart Island. A considerable portion of 
the bottom of Loch Leven, especially towards the north side, is composeil 
of sand, but in the deeper parts the bottom is muddy. At the west end 
of the loch the American weed, Hlodea canadensis, is causing a great 
amount of trouble by its rapid and persistent growth. All the means 
hitherto tried for the purpose of destroying the weed are found to be only 
of temporary benefit, and it is very disheartening to those interested in 
the prosperity of the loch to find that in order to keep it clear of the 
weed the same laborious work has to be done over and over again. 

I must express my great indebtedness to Mr. White, the manager of 
the Loch Leven Fishery, for the kindly and ungrudging way in which he 
placed a boat at my service on all the four occasions when I visited the 
loch. 


Temperature and other Physical Observations. 
Loch Leven was visited in September and December 1897, and in 


March and June 1898, and the following Table contains the temperatures 
recorded for these dates, 
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TABLE CONTAINING TEMPERATURE OBSERVATIONS. 


Temperature. | Wind. | : 


ment of Water. 
| 


at | 
Date. | Hour. | Water. Punveather Surface Move 
Direction.| Force. 


| 
Air. | | 
-q....¢ |Under| Under | 
Surf. | surf . | Surf, 
Degs. | Deys. | Degs.| Degs. 
| 1897, 18 feet 
' Sept. 3] Noon. ‘ 57°7 bus ‘ W.N.W. | Light. (Sky cloudy. | Slight ripple. 
| 18 feet | 
Dec. 16 ts 46°5 | 86°8 | 36°5 : South. Moderate.|Sky cloudy. | Moderate ripple. 
1898. 50 feet 
March3 rd 42:0 | 36°0 | 36:2 ; North. Moderate.|Sky cloudy. | Moderate ripple. 
| 30 feet|60 feet 
June 13 » | 96°0 | 57°7 | 55°3 | 54°0 | S.E. Light. Sky overcast.| Slight ripple. 


The temperature in December and March is nearly uniform, not only 
as regards the surface and bottom temperatures for the same month, but 
also for both months. The surface and bottom temperatures are also 
nearly uniform in September, while in June the surface temperature, 
which is similar to that for September, is fully two degrees higher than 
the temperature at five fathoms. This variation, it may be remarked, 
agrees more or less with what has been observed in the examination of the 
other lochs, and shows that it is not till August or September that the 
summer heat is able to penetrate to any considerable depth. The highest 
and lowest surface temperatures obtained show a difference of 21:7 decrees 
Fahr.; the under-surface difference is nearly the same, viz.—21°4 
degrees Fahr. 


Pelagic Entomostraca Captured in the Tow-Nets. 


Free-swimming Entomostraca, though very abundant in Loch Leven, 
consisted mainly of the one species, Daphnia lacustris, G. O. Sars. 
Leptodora hyalina was moderately common in the September gathering, 
but it was not observed in any of the other three. Dzaptomus gracilis 
was frequent in the gathering collected in December, but was scarce in the 
others, Bythotrephes longimanus, though present in both the September 
and June gatherings, was not observed in those collected in December and 


March The names of the species and their distribution are shown in 
the Table annexed. 


(TABLE. 


of the Fishery Board for Scotland, 163 


TABLE CONTAINING THE NAMES OF THE ENTOMOSTRACA CAPTURED IN 
THE Tow-NeEts. 


Dates. 


Names of the Species. 1897. 1898. 


Sept. 3. | Dec. 16. | March 3. | June 13. 


COPEPODA. 


Diaptomus gracilis, G. O. Sars, - - i fit. 3 fi. 

Cyclops strenuus, Fischer, - - - f. ie Ee fe 
CLADOCERA. | 

Daphnia lacustris, G. O. Sars, - - | very, ab. ab. ab. very ab. 

Bythotrephes longimanus, Leydig, - fs 0 0 r: 

Leptodora hyalina, Lilljeborg, — - : C. | 0 0 | 0 


A few male DVaphnie were observed in the December gathering, but in 
none of the others; females with psewdova were frequent in all the 
gatherings. When the loch was examined in June 1890 both Daphnella 
bruchyura and Polyphemus pediculus were observed in the tow-net 
gatherings, but neither of these species was obtained in any of the 
gatherings recently collected. Infusoria and micro-alge, which were 
moderately frequent on the first three occasions when the loch was 
examined, were quite abundant in the loch in: June; but these minute 
forms did not appear to be generally diffused. They rather seemed to 
occur in shoals; they were particularly plentiful to the south of the little 
island called ‘ Reed Bower.” The appearance of the water was somewhat 
similar to that which was observed at Forfar Loch in September, and at 
Loch Doon in July. 


The Shore and Bottom Fauna Collected by Hand-Net. 


The examination of the shore yielded, as in the case of the other lochs 

examined, a much greater number of species than were captured by the 
tow-nets, but individuals were not nearly so numerous. 
4 Fifty-five species of Crustacea were obtained in the shore gatherings 
collected during the recent experiments. The records of species obtained 
when the loch was examined in 1890 include some five or six that were 
not observed in the recent gatherings, and if these and the species cap- 
tured with the tow-nets be added, they increase the number of crustacean 
species to sixty-five ; and it is quite probable that even this number will 
yet be added to when the loch comes to be more thoroughly examined. 

The species recently captured include one Amphipod (Gammarus 
pulex), and eighteen of each of the three following groups :—The Cope- 
poda, the Ostracoda, and the Cladocera, The largest number of species 
of Crustacea obtained in any of the recent shore gatherings from Loch 
Leven was in that collected on 30th June. This gathering yielded thirty- 
eight species, or only four less than the total number observed in the 
tow-net and hand-net gatherings collected in June 1890. The names of 
all the species observed in the shore gatherings recently collected are 
contained in the following list ; those collected in 1890 are also added for 
comparison with the more recent gatherings. 
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TABLE CONTAINING THE NAMES OF CRUSTACEA FROM LocH LEVEN, 
COLLECTED CHIEFLY ROUND THE SHORES. 


Dates. 


Names of the Species. 1890. 1897. 1898. 


June. | Sept. 3. | Dec. 16.} Mar. 3. | June 13. 


AMPHIPODA. 


c=) 
i=) 
=>) 
hh 


Gammarus pulex (Linné), - j - 1a 
COPEPODA. 


Inaptomus gracilis, G. O. Sars, - - 
Cyclops strenuus, Fischer, - - : 
»  bicuspidatus, Claus, - - 
»,  vernalis, Fischer, - - - 
5,  brsetosus, Rehberg. - - 
»,  veridis(Jurine), - - - 
»,  albidus (Jurine), - - 
»  serrulatus, Fischer, - - 
»  macrurus,G. O. Sars, - 
jimbriatus, Fischer, - 
Canthocumptus staphylinus (J urine), 
| “4 minutus, Claus, - - 
schmeilit, Mrdzek, - 
Attheyella crassa (G. O. Sars), - - 
| x pygmea (G. O. Sars), - - 
-. duthiei, T. and A. Scott, - 
nn eschokket (Schmeil), 


Tage 


Oe ay OTS ae 
ae 


SiO Sh 5p Eb ea) son) ie bit) Ef) Fi 
mMOOMOOmMMmMOOMMHHEAS OF HS 
hOS >OORMHOOSCO HhHhroOoo 
OF epee h ie port pies) EbiEb) rh iCois (cick 


Moraria ander son-smithi, T. & A. Scott, te 
| OSTRACODA. 

Cypria ophthalmica(Jurine), — - @. f, ft, r. f, 

»,  easculpta (Fischer), fi. 0 0 OTD, 
Cyclocypris levis (Miiller), 0 0 i r. 0 
serend (Koch), - = E C. fi fr: 0 fr; 
Cypris fuscata (Jurine), — - - 0 0 Te 1 r. 

»  verens (Jurine), - : 2 0) 0 0 r. 0 
Herpetocypris reptans (Baird), 1 0 ts 0 fe 
oF tumefacta, B, and R., fi 0 0 r. fr. 
strigata (Miller), C: 0 0 Pa 0 

Cypr idopsis villosa (Jurine), — - - if fis ti ieee 0 

— Pionocypris vidua (Miller), - eo fr. i iG Ors f Yr: 
_ Potamocypris fulva (Brady), ia ote air 0 0 0 r 
Cundona candida (Miiller), | fr; i. fi: fe r. 

As lactea, Baird, : te 11% 0 0 0 0 

9 (2) compressa (Koch), - : BBs 0 te Peed r. 

» Aingsleri, B. and R., - : fi, 0 0 fare 0 
Llyocypris biplicata (Koch), | r 0 0 Ot | 0 
Limnieythere inopinata (Baird), | i.e f, 0 0 fe 

| sancti-patrict, B. and R., is f. 0 ecape 1 

fs 0 0 ad 0 | 


Cyther idea lacustris, G. O. Sars, 
CLADOCERA. 


_ Seda crystallina (Miller), - - - 
Stmocephalus vetulus (Miller), — - - 
Daphnia lacustris, G. O. Sars, - - 
Losmina On OST 7s (Miller), - - 

ie (’) longispina, Leydig, - 
/lyocryptus sordidus (Lievin), — - oy Sl 
Hiurycercus lamellatus {Miiller), - - 
Acroperus harpw, Baird, - - - 
Alonopsis elongatus, G. 0. Sars, - 
Alona guttata, G. O. Sars, = ee 

1» affinis, Leydig, - - - 

» yuadrangularis (Miiller), - | 
Alonella exigua (Lilljeborg), — - - | 


a nana (Baird), — - - “Fu 
Pleuroxus trigonellus (Miiller), - - 
ar: uncinatus, Baird, - - 


Chydorus spheericus (Miiller), - 
an barbatus (Brady), - - 

(?) ovalis, Kurz, - - 
Monospilus dispar, G. O. Sars, - - 


SNe Sola OHSS aah = pa SE nea) 
SOQ GS 50S aoteotnol daring Stor (SiO) 
nH eoeoheeooh ook SSOgasS 
eoomecsesosoossoossscsos 
Se RN BAe ee el aE na ss, Ra Nach 
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The number of species belonging to each of the three groups of 
Entomostraca represented in the Table will be more clearly understood 
when arranged as in the annexed formula, where Co., = Copepoda, 
Os., = Ostracoda, and Cl., = Cladocera. 


June, | Sept. 3, 


Dates. 1890. 1897. 


Names of the Groups, - |Co. Os. Cl.\Co. Os. Cl. 


Number of Species in each 
Groups.) /7:- . - 


Total Number in each | 
gathering, - - 42 | 31 


The Cladocera, as a whole, were scarcer in those gatherings collected in 
the colder months than in the others. It may also be stated that in 
March the level of the water was much higher than during any of the 
other visits, and this no doubt accounted, partly at least, for the great 
scarcity of Cladocera in the gathering collected at that time; the reduced 
temperature incidental to the season may also have had some influence in 
bringing about this result. 


(7) Duddingston Loch. 


Duddingston Loch, situated on the south side of Arthur’s Seat and 
immediately south-west of the village of Duddingston, is of small dimen- 
sions, being a little over five hundred and fifty yards in length by about 
two hundred and forty yards in breadth at the widest part. Its elevation 
above the sea is about one hundred and fifty feet. The loch is shallow, 
and therefore its temperature is more readily influenced by the changes 
incidental to the different seasons; it is quite a common experience 
to find that in winter its surface has been transformed into a thick sheet 
of ice, while in summer the water may be so warm as to be almost tepid. 
Such extreme variations in the temperature of the water are here of yearly 
occurrence, and appear to be the rule rather than the exception, and it 
was thought that it would be of interest to ascertain what was the 
effect of such extreme variations of temperature on the invertebrate fauna 
of the loch, as well as upon the micro-alge., 


The loch was examined by tow-net on four different occasions—viz., 
on 15th December 1897, and on 2nd March, 15th June, and 16th 
September 1898. Two other attempts were made to tow-net the loch, 
but these failed. One of the failures was due to the surface of the water 
having become frozen over during the previous night; on the second 
occasion the observations could not be made owing to stormy weather. 

In addition to the four visits which I have referred to, a portion of the 
shore of the loch was also examined on the lst of September 1897, the 
results of which are incorporated with those obtained in connection with 
the other visits, so far as they relate to the shore fauna. 
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Temperature and other Physical Observations. 


The following Table shows the temperature readings recorded on _ the 
four occasions whee the loch was tow-netted :— 


Temperature. Wind. 
| 
Date. | Hour. Water. Weather. Sura ee 
A | Irechion-mPhOLce: 
Surf. | 5} Ft.| — Ft. 
Leet fie Degs.| Degs. | Degs.| Degs. al) See aa 
Dec. 15] lla.m. | 48°2 | 35:7) 36°0 .. | Southerly. | Light. | Dull; show- | Slight ripple. 
Man 2} Noon. | 45:0 36-0 | 36°0 .. |S. Westerly. |S’m’wh’t Sis eicae: Moderate. 
June ls} ,, | 62°1 | 62-0) 620 | .. | Busterly. EEE '| Slight haze. | Slight ripple. 
Sept. 16 Re 78°0 | 61:0 | 60°4 .. | Westerly. | Light. | Sky clear. | Slight ripple. 


The difference between the highest and lowest surface temperature: is 
26°3 degrees Fahrenheit. The surface and bottom temperatures were also 
nearly uniform on each of the four visits, and the readings for December 
and March were practically the same, while those for June and September 
differ at most only 1-6 degree. It will also be observed that it is the 
September readings that are the lowest of these two, and that notwith- 
standing the much higher temperature of the air. 


Pelagic Entomostraca Captured by the Tow- Nets. 


As might have been expected, the tow-net gatherings collected in 
Duddingston Loch yielded a somewhat greater number of Entomostracan 
species than was observed in some of the other lochs examined. ‘This 
loch being shallow, plants growing on the bottom are able to send their 
leaves and stems well up towards and even above the surface of the 
water, and afford shelter and foothold to many species that do not usually 
adopt a free-swimming life—like Daphnia and one or two other forms. 
In towing the nets through the water it was scarcely possible to avoid at 
times coming in contact with those plants and capturing some of the 
organisms that might be clinging to them: hence the greater variety of 
forms observed in these gatherings. The following Table contains the 
names of the various species of Crustacea observed in the tow-net 
gatherings collected in Duddiugston Loch. 


[ TABLE. - 
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Dates, | 
Names of the Species. | 1897, 1898, 
| Dee. 15. | March 2, | June 15. | Sept. 16. | 
ISOPODA, | 
Asellus aquaticus, (Linn,) — - : el r, 0 0 0- 
COPEPODA. 

Diaptomus gracilis, G. O. Sars, - =a tee (Gant f. fF (¢. in fr. (in 
fine net.) fine net.) |both nets. ) 
| Cyclops strenuus, Fischer, — - - . fr; ir; f fr. 
| », viridis (Jurine), - - S| f 0 r. (in fine 0 

net.) 
»,  albidus(Jurine), — - . - | f i ry vn 
»,  serrulatus, Fischer, - - - i 0 0 f. (in fine 
net.) 

_ Attheyella pygmea (G. O. Sars), - ; Ts 0 0 
_e 

OSTRACODA, 

Cyclocypris serena (Koch), - - aaa ies 0 f. (in fine 0 
het )) 7] 

Cypris pubera, Miiller, SAL an auany Ht 2 iif OF 7 0 

Herpetocypris reptans (Baird), 0) 0) 0 | f 

Pionocypris vidua (Miiller), : - 0 0 0 f, 

CLADOCERA, 

Ceriodaphnia quadrangula (Miiller), - | 0 0 0 f. (males 

rare. ) 

Daphnia lacustris, G. O. Sars, — - - |ab. (a few c. ab. (a few | c. (a few 

eph, f’mls. ) males. ) males. ) 

Eurycercus lamellatus (Miiller), Y 0 0 ir; 

Chydorus sphericus (Miller),  - — - 0 0 eh) r, (in ae 

net. 


It will be observed that Daphnia is the most abundant of all the 
Crustacea captured in the tow-nets; Diaptomus and Cyclops strenuus are 
also moderately common. These, along with Cyclops albidus, occurred in 
all the four gatherings, and none of them appear to have been much 
affected in their distribution by the changes incidental to the different 
seasons of the year. A few male Daphnia were obtained in the gather- 
ings collected in June and September, and they were also probably 
present in the December gathering, though they did not happen to be 
noticed ; for in that gathering there were a number of ephippial females, 
and where such forms are observed I frequently also find that males are 
present. Moreover, here, as in the other lochs, Diaptomus gracilis was 
ci plentiful in the gatherings collected with the fine net than in the 
others. 


The Invertebrate Fauna obtained by Hand-Net chiefly around the Shore, 


The following Table contains the names of all the species of Crustacea 
obtained by hand-net around the shores of Duddingston Loch during the 
different visits that have been made to it, inclusive of the one made in 
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September 1897, as well as the four referred to under ‘ 'Tow-Net 
Observations,” 


Dates. 


Names of the Species. 1897. | 1898. | 
| Sept. 1. | Dec. 15. | Mar. 2. | June 15. Sept. 16.) 
2 ie | ee ee 
AMPHIPODA. 
| Gammarus pulex (Penn.), — - oS aptalis | 0 0 0 0 
| ISOPODA. 
| Asellus aquaticus (Linn.), — - - fe 1 0 0 0 
COPEPODA. 


Diaptomus gracilis, G. O. Sars, — - 
Cyclops strenuus, Fischer, - - 
»,  bicuspidatus, Claus, - 
»,  vernalis, Fischer, - 
»,  bisetosus, G. O. Sars, 
.  vrridis (Jurine), 
5,  albidus (Jurine), 
»  serrulatus, Fischer, 
»  Jjimbriatus, Fischer, 
phaleratus, G. O. Sars, 
Can thocamptus staphylinus (J urine), 
. inornatus, T. Scott, 
minutus, Claus, - 
Atthey yell crassa (G. 0. Sars), - 
“6 pygmea (G. O. Sars), - 
= zschokkei (Schmeil), - 
Moraria anderson-smithi, T. and 


I} ler} 
ke 


Ro mole aisplep Sy nolaa id beh ed (Sy pain ono 
Om hh OmOSHOOR HHO 


OC CORFrFrOmMmMomooors: 
SG COPE PORMOOSOCOMYy 
So CFR OCOOCOOMHH OF Ome 


A. Scott, 2 - 0 f | 

OSTRACODA. | 
| | 

Cypria ophthalmica (Jurine), - Oe te ee | Ones f; 

C1 Lariat. serena (Koch), — - ae fr. ee ok f. 
levis (Miiller),  - 0 | fi, Om] Os a 
Cypris pubera (Miiller), tke Ov Hea Te 07) ae 
Herpetocypris reptans (Baird), if 0 if f toys) 
strigata (Miiller), O° '] 0 i 0 0-4 
Tlyodromus olivaceus, B. and N., - fat le ESOL mee 0 i: 8) 
Llyocypris biplicata (Koch), 0 0 T 0 OF. 
Candona candida (Miiller), 0 f. fa ee | £5441 
| ne kingslei, B. and R., - 0 fi Ora OTe | es 
| 55 rostrata, B. and N., = i i ere £4 f+ 4 
if fabeformis (Fischer), = 0 0 if Ovt Disird 
| Cyprois flava, Zaddach, - - 0 0 0 ee nae 
Limnicythere inopinata (Baird), - ea Paw a i ge! 0 | 
CLADOCERA. | | | 
| | | 
Bosmina longirostris, Miiller, SAL A0 0 r. 0 | li, 

Ceriodaphnia quadrangula, Miller, fr. 0 0 0.5) i 

laticaudata, Miller, - it; 0 0 0 ae 0 

Simocephalus vetulus (Miiller), Se el On| r 0 ja 0 

Kurycercus lamellatus (Miller), — - f - "| 0 0 0 fr. 

Acroperus harpe, Baird, - - ae | fi. 0 fe Ue 
Alona quadrangularis (Miiller), - fh ii i 0 O- ea 
5, tenwicaudis, G. O. Sars, - fre | f 0 fr. | 
» guttata,G.O. Sars, - - fr. f 0 0 Os 
Pleuroxus trigonellus (Miiller), — - ir tf ft. >| 0 O. TH 
Chydorus sphaericus (eaten - f. i i | 02> We Ore 
Ae celatus Schoedler - 0 r. 0 0 | 0 | 
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A few Mollusca were also obtained, 7.e., Pisidium sp., Planorlis com- 
planatus, Planorbis nautileus, Planorbis contortus, Physa fontinalis, aud 
Limnea peregra. 

The smallest number of Entomostraca observed in any of the gatherings 
was in the one collected in June; in this gathering the number observed 
amounted to sixteen; and the largest number, which was twenty-eight, 
was obtained in the gathering collected in September 1897. 

The annexed formula shows the number of species belonging to each 
of the three groups of Entomostraca observed in the various shore 
gatherings; the following are the abbreviations used :—Co., Copepoda ; 
Os., Ostracoda; Cl., Cladocera. 


fe Dates: "se Se Ve ul wseptel, i Dec, Id, June 15, | Sept. 16, 
| S97. | 1898, 


1898, 


a EC 


Names of the Groups, - /|Co. Os. Cl.|Co. Os. Cl.JCo. Os. Cl./Co. Os. Cl./Co. Os. Cl. 


1444 10/10 7 9 


Number of Species in each 
Group, - - 


Number of Species in each | 
Gathering, - - 28 | 26 


(8) Loch Doon, Ayrshire. 


Loch Doon, which is situated among the hills between Kirkeudbright- 
shire and Ayrshire, and close to the boundary line that divides these two 
counties, has an elevation of about six hundred and sixty feet above the 
sea. The north end of the loch is very nearly three miles in a direct line 
from Dalmellington—the place nearest to the loch to which the railway 
has yet penetrated; its overflow water finds an exit at this end and 
forms the River Doon. The river, immediately on issuing from the loch, 
flows with a rapid current down through Ness Glen—one of the 
finest glens in the West of Scotland. According to the reduced 
Ordnance Survey map of the district, Loch Doon extends for about two 
and a half miles from the north eud-in a nearly south-east by south 
direction, and then bends round to about south by west for other three 
miles. Its breadth varies from about a quarter to nearly half a mile, 
except at the “ Ford of Moak”—a moderately large bay on the east side, 
near where the loch bends round to the westward; at this place the loch 
is nearly a mile wide. Most of the lower half of the loch is shallow, but 
the upper half (which I did not visit) is said to be deeper. The greatest 
depth I obtained was forty-one feet, which was in March, when the 
loch was rather above its usual summer level. 

The loch was visited on 16th September and 10th December 1897, and 
on 31st March and 6th July 1898. On the occasion of the December 
visit the weather was somewhat stormy, and shortly after commencing the 
usual tow-net experiments the wind began to increase in force, and, as it 
was from the south-east, and therefore nearly straight down the loch, the 
water became so rough that the tow-net work had ere long to be given 
up, and more time was therefore devoted to shore examination, but this 
also did not give very satisfactory results, It has also to be noted that 
the loch at this time was in flcod, the water being so much above its 
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normal Jevel that parts of the road that exterds along its west side were 
submerged and rendered impassable for foot traffic. In July, on the other 
hand, the loch was so low that numbers of ‘‘ islands,” which in 
ordinary circumstances are under water, as well as a considerable part of 
the shore, were exposed; and these extreme conditions in the physical 
aspects of the loch would no doubt affect in a greater or less degree the 
distribution of the invertebrate fauna. 


The following Table shows the temperature readings obtained on each 
of the four occasions when the loch was examined :— 


Temperature. | Wind. 
Date, | Hour. Water. Weather. purine re 
Air, | ____________| Direction. | Force. 
Surf, | 30 a z 
Degs.| Degs. | Degs. | 
1897. 
Sept. 16/11.30 a.m.) .. | 53°4 | 53°2 .. | Westerly. |M’d’rate|Cloudy;showery.| Slight ripple under 
shelter of land. 
| Dec. 10] 11.80 a.m.} 38°8 | 89:0 | 39:0 elisals Squally.| Showers of sleet. | Rough. 
1898. 4] ft. 
Mar, 31/ 11.30 a.m.| 51°0 | 39°0 | 393 ) .. Westerly. Light. | Cloudy, butfine. | Slight ripple. 
| 25 ft. 
July 6 1pm, | 65-0 | 58-1 | 58-0) .. | W. by W. ‘Squalty.| Dull; inclining | Moderate, 
to rain. 


In this loch the water at surface and bottom was of a nearly uniform 
temperature on each of the four occasions when I examined the loch, and 
the water was neither so cold in winter nor so warm in summer as that 
of Duddingston or Forfar Lochs. The difference between the surface 
reading on 3lst March and 6th July is 19:1 degrees, while the difference 
between the bottom readings for the same periods is 18°7; the tempera- 
tures for December and March are practically the same; while the 
readings for September are fully 45 degrees below those for July. 


The Pelagic Fauna taken in the Tow-Nets. 


The true pelagic Entomostraca of Loch Doon, as in the other lochs 
examined, comprised comparatively few species. ‘The seasonal distribution 
of one or two of them exhibited more or less marked variation, while 
others appeared to be less subject to seasonal influences. Two of the 
Entomostraca obtained in the tow-net gatherings collected here—viz., 
Diapiomus laciniatus and Daphnia nasuta—have not been found in any 
of the other lochs; further reference is made to these under “‘ Notes on 
the Species.” The following is a full list of the Entomostraca captured in 
the tow-nets :— 


|TABLE. 
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Dates. 
Names of the Species. | 1897, 1898, | 
| os Sa | | 
| Sept. 16. | Dec. 12. |March31.) July 6. | 
COPEPODA. | | 
| Diaptomus laciniatus, Lilljeborg, : fie 0) 0 itt: 
14 gracilis, G. O. Sars, . ; Nic 0) fi ie 
Cyclops strenuus, Fischer, .  . : Ve f bie f 
ny viridis (Jurine), , ; ‘ fe f 0 0 
ie albidus (Jurine), . : : 0 0 flies 0 
CLADOCERA, 
Sida crystallina (Miller), . : a} ff 0 0 0 | 
Holopedium gibberum, Zaddach, . : ape 
Bosmina longispina, Leydig, ; | 0 0 0 ic: | 
Daphnia nasuta, G. O. Sars, : a fr. fi. r. | o | 
Eurycercus lamellatus (Miller), . . fr 0 ie 0 
Camptocercus rectirostris (Schoedler),  . fi 0 0 0) 
| Bythotrephes longimana, Leydig, . ‘ ihe 0 0) f 
| Leptodora hyalina, Lilljeborg, . : if: 0) 0 ie | 


Amongst the species named in this list the three following appear to 
show distinct seasonal variation, viz.:— Diaptomus laciniatus, Holo- 
pedium gibberum, and Leptodora hyaline. Daphnia nasuta also shows 
a cervain amount of variation, but it is less marked than that of these 
three. Cyclops strenwus was more frequent in the gathering collected in 
March than in the others; while Daphnia was much scarcer in this than 
it was in the other gatherings. Sida, Eurycercus, and Camptocercus are 
forms which I do not, as a rule, find in tow-net gatherings collected in 
the open where the water is deep ; when these species do occur in tow-net 
gatherings, the water they are collected in is usually shallow, and 
aquatic vegetation is more or less in evidence. Holopedium occurred 
only in the July gathering, in which it was moderately common, and 
Diaptomus laciniatus and Leptodora were frequent in the same gather- 
ing. These last two forms were also present in the gathering collected 
in September, but no trace of any of the three species was observed 
in either of the other two gatherings collected. The Daphnia, though 
obtained in all the four gatherings, was much more plentiful in that 
collected in July. It may also be noted that in the July gathering 
collected with the fine tow-net infusoria and micro-alges were more or less 
abundant. An organism somewhat resembling Wostoc was very plentiful. 
It occurred in roundish masses of variable size, and in general appearance 
was very like the objects observed a short time before in Loch Leven. 
Actinophrys sol was also observed in the July gathering from Loch Doon, 
as well as Ceratiwm, Diatoms, Desmids, &c.; but a report on these may 
be prepared later, 

M 
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The Invertebrate Fauna Collected by Hand-Net. 


Amongst the Crustacea collected about the shores of Loch Doon by 
means of the hand-net, several rare species were observed—one of which, 
Cyclops nanus, appears to be new to Britain; Cyclops languidus and 
Lathonura rectirostris were also obtained here for the first time in 
Scotland. Other rare species obtained at Loch Doon were Canthocamp- 
tus schmetlit and Maraenobiotus vejdovskei. A full list of all the species 
of Crustacea observed in the hand-net gatherings from Loch. Doon is 
contained in the following Table ;— 


['TABLE. 


of the Fishery Board for Scotland. 173 


Dates 
Names of the Species. 1897, 1898, 
Sept. 16. | Dec. 12. | March 31.| July 6. 
Paget ie Somme 2. 7. [dase fecal Sah 
AMPHIPODA. 
Gammarus pulez (Penn), , ; 5 0 0 0 r 
COPEPODA. 
Cyclops strenuus, Fischer, . 0 Es 0 0 
5,  bicuspidatus, Claus, 0 0 f 0 
»  languidus, G. O. Sars, . 0 0 fi f: 
»  vernalis, Fischer, . : fe 0 fi 0 
»,  bisetosus, G. O. Sars, fs fis 0 0 
» viridis (urine), , , rig Tr. fe Ee 
», Juscus (Jurine), , 5 0 0 fr; 0 
| »  albidus(Jurine), . : fi 0 i fis 
| »  serrulatus, Fischer, ; i 0 fe Ses 
»,  Jjimbriatus, Fischer, : 16 0 i E; 
nanus, G. O. Sars, . () 0 E nig 
Canthocamptus staphylinus (Jurine), lie 0 f. 0 
| % minutus, Claus, . fs, 0 f. Es 
3 schmeilit, Mrazek, its 0 0 0 
a Spor ie: : : ie 0 f. fi 
Attheyella crassa (G. O. Sars), . i 0 ff fe 
re pygmea (G. O. Sars), . i. 0 fe Is 
a zschokkei (Schmeil), . 0 0 0 fe 
Moraria anderson-smithi, T.& A. Scott, , ie r. f; 0 
ra brevipes (G. O. Sars), 0 0 f, ) 
Maraenobiotus vejdovskti, Mrazek, ; 0 i 0 0 
OSTRACODA. 
Cypria exsculpta (Fischer), : ; 0 0 fr. | 0 
| Cyclocypris serena (Koch), . : 18 0 G3 re 
3 globosa (G. O. Sars), E 0 0 0 
Cypr is fuscata (Jurine), : 0 0 0 r. (fine) 
Tlydromus robertsoni, B. and N., fu (fine)e |= = @ 0 fr. 
Cypridopsis villosa (Jurine), : 1 0 0 | 0 
Candona candida (Miller), f. 0 sae | 0 
9 kingslevi, B. and R., fret 0 fr f. 
Fe rostrata, B. and N., E; | 0 i 0 
re hyalina, B. and R., | 0 0 0 Lt 
7 CLADOCERA. | 


Sida crystallina (Miller), . : 
Lathonura rectirostris (Miller), . 
Drepanothrix dentata, Kurin, 
Ilyocryptus sordidus (Lievin), , 
Bosmina longirostris (Miller), , 

| a longispina, Leydig, . : 
Simocephalus vetulus (Miiller), . oA 


Daphnia nasuta, G. O. Sars, 
Kurycercus lamellatus (Miiller), 
Acroperus harpe, Baird, : 
Camptocercus rectirostris, Schoedler, aa | 
Alonopsis elongatus, G. O. Sars, . | 
Graptoleberis testudinaria (Fischer), 
Alona affinis, Leydig, é 
5, gquadrangularis (Miiller), . 
an gustied. Lh. Scotty : 
» intermedia, G. 0. Sars, 
guttata, G. O. Sars, . 5 5) | 
Alonella nana (Baird), - : 
aed exigua, G. O. Sars, 
Pleuroxus trigonellus (Miiller), 
Peracantha truncata (Miiller), 
Harporhynchus falcatus, G. O. Sars, 
Chydorus sphericus (Miiller), 
55 barbatus (Brady), : 
ceelatus, Schoedler, : 


PE DO 51S SN MSM igre aK aN kS) 


Lar} 


Su 


tay > ta | eto Ff Eta) Peta Fata) Foto) eta Feta Sota Fata Ieee) ote. ta | Oe he ba he 
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The total number of Crustacea obtained in, and around the shores of, 
Loch Doon amounts to sixty-three species, and comprises twenty-three 
species of Copepoda, ten of Ostracoda, and twenty-nine of Cladocera, to 
which has to be added Gammarus pulew. 

The shore gatherings collected in September and March yielded the 
largest number of species, while the one collected in December gave very 
poor results; even the results of the tow-net gatherings collected at this 
time were disappointing, which was probably owing, in part at least, to 
the stormy weather then prevailing and to the flooding of the loch. But 
while this was ‘he least successful of the various gatherings collected, 
it was the only one in which the rare Maraenobiotus was obtained. 

The number of species of each of the three groups of Entomostraca 
observed in the various shore gatherings is shown in the formula. 
Co., Copepoda; Os., Ostracoda; Cl., Cladocera. 


Dates, . : : 5 ‘ Sept. 16, Dec. 12, March 31, July 6, 
1897, 1897. 1898. 1898. 

rears Aa ee eos 

Names of the Groups, . .. || Co. 108, OC}, Co. SOs: (Cl N'Ce. (0s. Cl Go aOa maar, 


| 


Number of Species in each 
GTOUP SG ob Sy os fl GE? ea 5 0:53 1 AC PS) 12 | Moria eere 


Total Number of Species in 
each Gathering, . 41 8 33 26 


A number of minnows were obtained in the September gathering, and 
the contents of several of their stomachs were found to consist chiefiy of 
Cladoceran remains; those remains that were perfect enough for identi- 
fication represented at least eight different species. Trout are fairly 
plentiful in Loch Doon, and fine specimens are occasionally captured. One 
of the largest has been preserved, and is in the possession of Mr. James 
Macdonald of the Eglinton Hotel, Dalmellington. 

It appears that extensive deposits of marl exist in Loch Doon; and, 
about the time of my visit to the loch in July, advantage had been taken 
of the water being so low to have some of it excavated. Some of the marl 
was so pure that when it was dried it closely resembled a piece of chalk 
both in colour and weight. A sample which I collected, measuring 
nearly nine cubic inches, weighed scarcely four ounces when dry. It was 
solid throughout, and exhibited indistinct traces of lamination. It was 
nearly white in colour, but variegated with light brownish bands. When 
dissolved in water and carefully examined no remains of molluscan shells 
were observed; it seemed to consist largely of a fine whitish mud, in 
which were numerous Diatomacea and seeds of Chara or Nitella. But 
the marl varied in purity to a considerable extent; though of moderate 
thickness in some places, in others it cousisted only of thin layers inter- 
bedded with dark vegetable matter ; but whether in thin or thick layers, 
it seemed to be characterised by the absence of Molluscan shells, and thus 
differed very markedly from the marl observed in Forfar Loch. It may, 
in the absence of Molluscan remains, be somewhat difficult to determine 
from what source this mar! is derived. A chemical examination of the 
water at different seasons of the year might prcebably throw some light on 
this question, 
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I found Mollusca rather scarce in Loch Doon; Coleoptera were also 
scarce ; but Corivza appeared to be locally frequent. 


it is not pretended that the various lists contained in the preceding 
pages represent all the species of Crustacea likely to be found in the 
various lochs described—more especially around their shores; it is more 
likely that further research will add considerably to the number of those 
recorded. All that may be said about these lists in the meantime is that 
they contain a record of the species observed by the writer in the gather- 
ings collected in the various lochs that have been made the subject of 
this special investigation. 


II. SECOND SERIES OF LOCHS EXAMINED. 


The second series of lochs to be noticed here comprise Loch Ness, Loch 
Oich, and Loch Lochy, all of them situated in the Great Glen and in the 
line of the Caledonian Canal. Tow-net gatherings have at various times 
been collected in each of these lochs, when the s.s. Garland was on her 
way from the East to the West Coasts or vice versa. Observations on the 
temperature of the water, both at the surface and at different depths 
from surface to bottom, have also been made. The number of observa- 
tions and experiments made in these lochs is therefore very considerable. 
Only those of them, however, that coincide more or less approximately 
with the investigations carried out in the first series of lochs will be 
referred to here. The examination of these three lochs has been carried 
out under the supervision of Mr. IF. G. Pearcey, to whom I am indebted 
for most of the gatherings of Entomostraca to be described, and for the 
records of temperature. 


(1) Loch Ness. 


This, which is the largest and deepest of the three lochs now under 
consideration, has been examined at three different places, viz., off Castle 
Urquhart, off Foyers, and off Port Clair, and the tow-net gatherings that 
are to he described were collected in August, October, and December 1897, 
and in January, August, and October 1898; they were collected at the 
surface and at various depths down to sixty fathoms. Usually the 
gatherings that were collected at the same place and on the same date 
contained the same kinds of organisms, and only differed more or less in the 
quantity collected ; it is not necessary, therefore, to describe in detail the 
results of each separate gathering. I propose rather to give a general 
description of the gatherings collected on the different dates at the three 
places mentioned, referring where necessary to any point of interest that 
presents itself concerning any of the gatherings collected or of the 
species observed. 


Temperature and other Physical Observations. 


The following Table contains the temperature and other observations 
that correspond more or less closely with the dates on which the tow-net 
gatherings were collected. Only the temperature at the surface and 
at five and ten fathoms is given, and for the following dates—7th 
August, 28th October, and 6th December 1897, and 3rd August and 
ith October 1898, 
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TABLE SHOWING REcoRDS OF TEMPERATURE. 


The following abbreviations are used:—U., off Castle Urquhart; F. off Foyers ; C., off 
Port Clair. 


‘Temperature, | Wind, 
| ; See Surface 
Date. | Hour. | Water. | _ Weather. ee 
nee | eee Direction. | Force. | Water. 
; | Surf. |5 fms. [to fins 
1897, Degs. | Degs. | Degs. Degs. | | 
Aug. 7, U..| 6.35 a.m. | 59.1 | :60°9 | ~° . ll AN SIDE Light. | Fine rain. Water 
smooth. 
3 F, | 3.35 p.m. | 61°1 | 60°3 | 55°4 | 53-0 ig » | "Passing 2 
showers. 
be C. |/4:28%p.m: || 62:6) 1159-2 : ” » | ” ” 
| 
Oct. 2  U | 145 p.m. | 60-4 | 50-0 | 49-4 | 49°83 S.W. i Hazy. ae 
» F, |1215p.m.| 60-9 | 49:7 | 49°2 | 49-5 | 2 M’drate. is Moderate 
| | | ripple. | 
» C. | 9.20 a.m. | 56°8 | 49-2 | 49:0 | 49°0 | fe Light. | ” Smooth. 
Dec. 6, U. | 9.55 a.m. | 41°3 | 46-2 | 468 | 47°0/'  W. 1 Overeast. . 
| 
" F. | 1.15 p.m. | 44°0 | 46:0 | 46°3 | 46°5 S.W. Marate.| Cloudy. | Moderate | 
| ripple. 
» C. 9a.m.| 43°1 | 46:0 | 46:0} 45°83 | W.S.W. |Squally.; Rain. Rough. 
1898, | | | 
Aug. 8, U. | 9.55 a.m. | 56°3 | 55°0 | 55:0 | 55:0 S.W. Strong. Showery. Tea 
»  F. |19.85pm.| 56°8 | 54-0) 54:0] 53:0!) —,, Squally.| _,, ete 
4 C. | 2.88 p.m. | 57°2 | 50-2! 51°8 | 51-4 is Sores s Moderate 
| ripple. 
Oct. 7, U.|218p.m.| 56°3 | 55:2 | 55-4 | 55°0 | N.E. by E. |M’drate.| Cloudy. Strong 
| | | ripple. 
AC F, 10 a.m, | 51°4 | 54°1 54°8 | 54:1 35 Ws ae Slight 
| | ripple. 
» ©. |850a.m.| 51-4 | 54-6 | 53.5 | 54-0 E Fog Strong 
ripple. 


The Pelagic Entomostraca Collected by the Tow-Nets. 


The Entomostraca observed in the various tow-net gatherings comprise 
altogether about twelve species, but a few of them are exceedingly rare. 
The most numerous forms were two species of Diaptomus—(D. hircus, 
G. 8S. Brady,* and D. gracilis, G. O. Sars); and Bosmina longispina, 
Leydig. The next in order of frequency were Daphnia galeata, G. O. 
Sars; Bythotrephes longimanus, Leydig; and Leptodora hyalina, 
Lilljeborg. Cyclops strenuus, Fischer, was also occasionally more or less 
frequent. The following Table will show approximately the relative 
frequency of the different species and their seasonal distribution. The 
gatherings represented in this-Table were collected on six different dates, 
viz., on 6th August, 28th October, and 6th and 7th December 1897, and 
on 25th January, 3rd August, and 7th October 1898. The following 
abbreviations are used in the Table :—-ab—abundant ; c—common ; fr— 
frequent ; and r—rare. ‘‘0” also signifies the absence of any species. 


* See Notes on this and other species at p. 188. 


[| TABLE. 
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TABLE CONTAINING THE NAMES OF ENTOMOSTRACA OBSERVED IN Tow- 
NET GATHERINGS FROM Locu NEss. 


Dates. 
Names of the Species. 1897. 1898, 
Aug. 6. Oct, 28, we Jan, 25.|Aug. 3.|Uct. 7. 
| ae Oey) Bees, S- 
| COPEPODA. | | 
| Diaptomus gracilis, G. O. Sars, ps f. | fr | fr f ab. ab 
| Hs hircus, Brady, - - - 0 | i 1 f ab. ab 
Cyclops strenuus, Fischer, - OP tiene. ! f f Bia 
» viridis (Jurine), - - 0 0 r 0 0 0 
| CLADOCERA, | 
Sida crystailina (Miiller), - - - | Pye 0 0 0 OQ ..0 
Diaphanosoma brachyurum (Lievin), - 0 | 0 | 0 0 r. 0 
Daphiia galeata, G. O. Sars, - - ioe fits fr, C. C. Co 
Bosmina longispina, Leydig, — - et Ay mee | it, fe f, ab. ne 
Alonopsis elongata, G. O. Sars, - - Cee et: iy 0 0 0 
Polyphemus pediculus (Linn.),  - - fi. | 0 0 0 fits Ts 
Bythotrephes longimanus, Leydig, =? if | i. 0 0 (6 fr: 
| Leptodora hyalina, Lilljeborg, - Sep ihs Culee r re 0 ce fr. 


* A few males were observed in a gathering from 60 fathoms off Castle Urquha 
and from 50 fathoms off Port Clair. 


Diaptomus gracilis occurred in gatherings collected at the surface and 
at various depths down to 110 fathoms, or, in other words, as deep as the 
tow-nets were worked. 

Diaptomus hircus, Brady, did not appear to be so generally distributed 
as the last; it was usually more frequent in the mid-water gatherings 
than in those collected at the surface or in very deep water. In the 
series of gatherings collected on 3rd August 1898, no specimens were 
observed in those from the surface down to 10 fathoms, but the 
species was abundant in a gathering from 30 fathoms, ard rare *n one 
from 60 fathoms. 

Cyclops strenuus, though generally distributed, was seldom very 
common. Cyclops viridis.—This Copepod was observed in only one of 
the gatherings, collected in about 10 fathoms at the north-east end of the 
loch. Among the Cladocera, the first two species in the list only occurred 
once-—the Sida in a surface gathering collected on 6th August 1897, and 
the Diaphanosoma in a gathering from 20 fathoms collected off Port Clair 
on August 3rd, 1898. 

Daphnia galeata was more or less generally distributed from the surface 
down to 110 fathoms, but it was usually more common in gatherings from 
the surface down to about 20 fathoms than in those from deep water. It 
also seemed to be more common in the gatherings collected in 1898 than 
in those collected in 1897. 
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Bosmina longispina.—The Bosmina from Loch Ness exhibited some 
variation in size and in the length of the antennules and posterior spines, 
but appeared to belong to the same species. They also appeared to show 
a certain amount of seasonal variation, for it will be observed that while 
they were “common” or “abundant” in gatherings collected in August 
1897 and 1898, they were decidedly scarcer in those collected during the 
lase autumn and winter months, 

Alonopsis occurred on two of the dates mentioned, and on both occasions 
in gatherings collected with a fine silk tow-net off Castle Urquhart, 
and both were surface gatherings. Ouly one specimen of Alonepsis 
was observed in each of the oatherings. 

Polyphemus pediculus,—<It would seem, from an examination of the 
Table, that seasonal changes affect to some extent the distribution of this 
Cladoceran ; it was not observed in the gatherings collected in December 
and January, nor in those collected in October 1897; it was rare in 
those collected in October 1898, while in those collected in August 1897 
and 1898 it was more or less frequent. It occurred in gatherings 
collected at 60 fathoms, and from that depth to the surface, but was 
more frequent in those from the lesser depths. 

Bythotrephes longimanus.—This had a distribution somewhat -similar 
to Polyphemus. 

Leptodora hyalina.—The distribution of Leptodora, like that of some 
of the others, appeared to be affected to some extent by the changes of 
the seasons; it occurred all over the loch, and in almost all of the 
gatherings, but it was most common in those collected in August 1898, 


(2) Loch Oich. 


Loch Oich is situated along the watergshed of the Great Glen, and is 
the highest of the three lochs under discussion. It is much shallower 
than Loch Ness or Loch Lochy, and its bottom is very irregular; its 
surface is also broken up by several islands. Its present level is about 
100 feet above the sea at ordinary high water. Being smaller and more 
sheltered than either of the other two lochs, its range of temperature is 
greater, the water in summer being warmer and in winter colder, and 
probably this may have a tendency to react on the more susceptible of 
the invertebrate inhabitants of the loch. The examination of the tow-net 
gatherings has not, however, brought out any very marked differences ; but 
further reference will be made to this point under ‘‘ Notes on the Species” 
at p. 186. <A series of temperature records will be found in the 
following Table. 


TABLE SHOWING REcoRDS OF TEMPERATURE OBSERVATIONS TAKEN AT 


Loc OIcH. 
aS a — = 
Temperature, Wind. 
| | ma . Surface Movement 
| Date. | Hour. Water. | | Weather. | of Waten 
Air. een We ean Direction. | Force. | 
Surf. 5 Fms.|15Fms | 
| hel ied | 
Degs. Degs.| Degs.| Degs. | | 
1897. | | 
Aug. 6} Noon. | 64'0 | 65:0 | 62:0 | 49°0 5. W. ‘M’drate.| Hazy ; rain, | Moderateiy rough. 
10 fms | 
Dec. 7)2.15p.m.| 48'2 | 43°1 | 42-9 | 42:9 ss Squally. Heavy rain, | Rough. 
1898 
Ang, 4/9.30a.m.| 55°‘7  59°5 | 59-0 | 59°0 | W.S.W. |Mdrate.) Cloudy; show- Slight ripple. 
| | : | |r ehy. 
Oct. ‘| 3.7 p.m.| 66°2 | 55°5 | 62°3 | 52°3 Ei. 39. + | Blair: ;\selenr | Strong ripple. 
: 
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The highest surface temperature is 65:0 degrees, and the lowest 43:1 
degrees—showing a difference of 21°9 degrees; whereas the difference 
between the highest and lowest surface temperature readings for Loch 
Ness is 14°9 degrees, or only about two-thirds of the difference 
observed in Loch Oich. ‘There is a marked difference in the temperature 
of the water on 6th August 1897 and 4th August 1898. On the latter 
date the temperature of the water is practically uniform—down, at least, to 
ten fathoms ; while on 6th August 1897 there is a difference between the 
temperature at the surface and at 15 fathoms of 16 degrees Fahrenheit. 

e 


The Pelagic Entomostraca Collected by the Low-Nets. 


The names of the various species observed in the tow-net gatherings 
from Loch Oich will be found in the annexed Table :— 


Dates. 


Names of the Species, 1897. 1898. 


| Aug. 6.| Dec. 7. |Jan, 24.| Aug. 4. | Oct. 6. 


| 


COPEPODA, 


Diaptomus gracilis, G. O, Sars, - 1 f te ¢ iv 
a hircus, Brady, - - te ee BO) 0) 0 Te 0 
Cyclops strenuus, Fischer, - - 1 0 0 f oa 
_ ceridis (Jurine), — - - “ee i 1 0 0 | 
R5 albidus (Jurine), — - . ae a 0 0 igh belie PeU | 
| | 
CLACOCERA. | | | 
Sida crystaliina (Miiller),  - = : | tf: | 0 0 f 1 | 
Diaphanosoma brachyurum (Lievin), - | 0 0 i) f 0 
Daphnia galeata, G. O. Sars, - - | ab, iis te fre ig abes 0 
Bosmina longispina, Leydig, — - foul ahan o ig fi Cary aoe kt 
Holopedium gibberum, Zaddach, = - 0 0 r. 
Camptocercus rectirostris, Schoedler, — - | 0 0 0 0 i | 
Alona affinis, Leydig, - - ns 0 0 0 r 0 | 
Polyphemus pediculus (Linn.),  - - re 0 ) a i r 
| Bythotrephes longimanus, Leydig, ee As oie 0 0 fr. | f 
Leptodora hyalina, Lilljeborg,— - - Tap eee 10 0 fr. fre | 


* Male Daphnie were frequent in the gatherings collected at this date, 


Among the Copepoda observed in Loch Oich, Diaptomus gracilis was 
the most common. It was also one of the few species that occurred in 
all the gatherings examined. 

Iaptomus hircus, Brady, appeared to be rare in Loch Oich. ‘The 
three species of Cyclops were also apparently scarce. 

Sida and Diaphanosoma were also somewhat rare, but Szda was less 
so than the other. In the gatherings collected in August 1897 Sida 
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occurred, but very sparingly, from the surface down to ten fathoms. In 
the gatherings collected in August and October 1898 its distribution was 
somewhat similar, 

Daphnia galeata was more or less plentiful, except in the gatherings 
collected during the winter months. Large specimens of the Daphnia 
with strongly crested heads were obtained in Loch Oich; a considerable 
variation in the form of the head was also observed. 

Bosmina also exhibited a considerable amount of variation. 

Holopedium gibberum occurred very sparingly in Loch Oich. It was 
not observed during the winter months. The seasonal changes appear to 
affect very much the distribution of Holopedium. 

Camptocercus was observed in only one gathering, collected at five 
fathoms on 6th October 1898. The post-abdomen of this Camptocercus 
is more characteristic of C. rectirostris than of C. macrurus—the species 
to which British specimens have usually been ascribed. 

Alona affinis. A single specimen of this Cladoceran was obtained in a 
gathering from ten fathoms. 

Polyphemus was apparently absent from the gatherings collected in 
December and January, and this tends to confirm what has been said as 
to its susceptibility to seasonal changes. 

Bythotrephes aud Leptodora show a distribution very similar to the 
distribution of the same species in Loch Ness. 


(3) Loch Lochy. 


The distance between the north-east end of Loch Lochy and the 
south-west end of Loch Oich is slightly over one and a half miles, and 
there is a difference of only a few feet between the levels of the two lochs. 
From the frequent passage of vessels to and from the East and West 
Coasts, a considerable quantity of water makes its way from Loch Oich 
through the canal into Loch Lochy, and probably conveys some of the 
Loch Oich Entomostraca into the neighbouring loch, and thus gradually 
tends to bring about a more or less marked uniformity in their pelagic 
faunas, Littoral species—that is, species whose habitat is about the roots 
or amongst the foliage of the aquatic vegetation of the shore and shallows 
of lochs—are less likely to be affected by these movements of the water 
than those are that live in the open; and therefore a greater dissimilarity 
may exist between the shore and bottom faunas than between the free- 
swimming species of lochs which are so situated that the overflow water 
from the one passes into the other, The study of the dispersion of 
species is of wide interest and has an important bearing on the question 
of what are, or should be, considered distinct species or varieties. 


Temperature Observations. 


So far as the records are comparable, the temperature of Loch Lochy 
shows rather less seasonal variation than Loch Oich, which is no doubt 
owing to the greater body of water in Loch Lochy. 

The annexed Table contains a number of temperature observatious 
taken in this loch :— 


(TABLE. 
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Temperature. Wind. 
Date. *| Hour. Water. | | | Weather, | of Water. 
(Aime | * | Dixections |) Force: 
| Surf. |5 Fms. 10Fins: 


es Lae a 2, a ee ee 


Degs. | Degs. | Degs. Degs. | 


S97 | 
Oct 37 10,15a.m) 59°1 | 50°1 | 50°0 | 50°0 | s | Squally, | 3right sun tough. 
Dec. 8 9,20a.m, | 37°2 | 4671 | 46°4 | 46°2 Sh Vic | io snow showers, Rough. 
ae 1p.m. | 57°83 | 57°0 | 56:0 56°0 WiegSem ie | a | Showery. | Strong ripple. 
Oct. 6) 3.7 p.h.| 66°2 | 560 | 55°3 | 53°4 S. | Light. | Fine. | Slight ripple. 


The surface temperatures for December 1897 and August 1898 show a 
difference of 10°9 degrees Fahrenheit for Loch Lochy; whereas the 
difference for the same months for Loch Oich is 16-4 degrees Fahrenheit. 


The Pelagic Entomostraca Collected by the Tow-Nets. 


The Entomostraca contained in the tow-net gatherings from Loch Lochy 
are very similar in number and kind to those from the Loch Ness 
gatherings. The only difference worth noting is the presence in Loch 
Lochy of Holopedium gibberum; and curiously, though this species 
occurred in all the four gatherings collected on 4th August 1898 at the 
surface and at ten fathoms, twenty fathoms, and fifty fathoms, it was not 
observed in any gathering on the other dates mentioned in the following 
Table of Species. 


TABLE CONTAINING THE NAMES OF ENTOMOSTRACA OBSERVED IN Tow-Ng&tr 
GATHERINGS FROM Locu Locuy. 


Dates. 
Names of the Species. 1897. B88. | 
Aug. 6. | Oct. 27. | Dec. 8. | Jan. 24. | Aug. 4. | Oct. 6. | 
ee Soe coal er Fe eee ee - | 
COPEPODA. | 
Diaptomus gracilis, G. O. Sars, Gs ab. | f c | ab | c 
95 hircus, Brady, » | 0 fr. | i ics | f, | fr. 
| Cyclops strenuus, Fischer, : c, it; | E fo) |= tre | fr. 
», viridis (Jurine), . : | 0 0 | E One SO | 0 
CLADOCERA. | | | | 
Holopedium gibberum, Zaddach, | 0 Om a £70 0 eer eee 
Daphnia galeata, G. O. Sars, . f. CG | C: ( | ab. | c | 
Bosmina longispina, Leydig . a bay atts | fi fe | firs | ti 
Polyphemus pediculus (Linn.), f, | 0 | 0 0 | f | 0 | 
Bythotrephes longimanus, Leydig, re | fr; | r 0 | C | c | 
Leptodora hyalina, Lilljeborg, r. | fire | 0 0 | c | fr. 


| 
Surface Movement | 
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Jyiaptomus gracilis was more plentiful in the gatherings from this loch 
than in those from the other two. It was, however, less common in the 
December gatherings than in those for the other months. 

Diaptomus hireus, Brady, was also moderately frequent, except in the 
gatherings for August 1897, 

Cyclops strenwus was one of the more common species in this loch ; 
while Cyclops viridis only occurred once. 

Holopedium gibberum has already been referred to. 

Daphnia galeata was quite common in the gatherings from Loch Lochy, 
with the exception of those collected in August 1897. The Daphnie in 
the gatherings from this loch were similar to those observed in Loch Ness ; 
but those with the head strongly helmeted were less in evidence here 
than in Loch Oich. 

Bosmina longispina. The Bosmine of Loch Lochy, like those of Loch 
Oich and Loch Ness, exhibited a certain amount of variation in size and 
in the length of the antennules and of the posterior spines, and it may be 
that they include one, or perhaps two, other species besides B. longispina. 
That, however, appears to be the typical form, and I prefer meantime to 
consider the others as “ varieties.” 

Polyphemus was one of the less common Entomostracans in Loch Lochy, 
and here, as elsewhere, appeared to be susceptible to seasonal changes. 

Bythotrephes was more plentiful in the gatherings collected in August 
and October 1898 thau in those collected previously, and, though it 
occurred in all of them from the surface down to seventy fathoms, it was 
scarcer in those collected in deep water. 

Leptodora differed little in its distribution from Bythotrephes, except 
that it was not observed in the gatherings collected either in December 
or January, nor in those collected below fifty fathoms. It was common 
in one or two of the surface gatherings. 


GENERAL List OF ALL THE SPECIES OF CRUSTACEA AND MOLLUSCA THAT 
ARE RECORDED FROM THE VARIOUS LOCHS REFERRED TO IN THE 
PreceDING PacGrs, TOGETHER witH Names or THE LocHs IN 
WHICH THEY WERE OBSERVED. 


An X under the name of a Loch indicates that the species was obtained in it. 


| 


f 
| < 
| s | rb) | 5 . [e) . | | A 
| ale) 6)e¢13 8 (2 te oe 
a | |B | | So) ea Balser 
* : 3 5 iB A cy i tli Set ee te ce Q 
Names of the Species. Sue Saale a eats ce leeeta Ih = 
Gq S St a St & 4g | ra Pa o | a 
$48) 81) 4 Sel 21s iemee 
See ese ie br eh Jace 4 
a 
CRUSTACEA. 
AMPHIPODA. | | 
| | | 
Gammarus pulex (Penn.),- Sy eal cnmeal es Bom X= | CXC 40) Ska Pe seraa | pata - - 
| | | 
IsopoDa. 
Asellus aqguaticus (Linn.), - Sa eo a ee RE a Room 
| ee | 
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GENERAL List OF ALL THE Species of Crustacna, &c.—Continued. 
= aa . (aa ae : 
pee | 
| a | | 
Ke ae : | | 2 | 
| ;S 43 © pas lrled & Celle set ie bs 
| S| Ol Sete mt be et ch | 
} Pa a, a | ie) > qd 5 o eS 3) 
; i ti | ee > |e} oe Sem eLshe 8 
Names of the Species. Bole eee bo yeeiaie ose eles 4 
qaiS/ela/#i4 ep Sad oe 9 |S 
S/S) 8) 88/8] 8]- : 
| = 
a 
—— = eee | ae 
| | | | | | 
| CoPEPODA. Rae bes aot] ier enn <| | 
| | 
| | | } | 
| . “7° | | | | 
— Diaptomas gracilis, G. Onsarsye ag! oXod| &xcg) xerox J Sy Aes es IP SE PoE I 3X 
| a faciniatus,Lilljeborg, | - | - | - a ae lhe San 5 5 
- hircus, Brady, Is acai ee a kao. pit Merc a pee ML Re yee cn PS all ae MRD 
BS METZ, MLeMarG, she glo a) yore Nc = ey ans ee fae an alipe = - 
Cyclops strenuus, Fischer, - Mg Rw TA aE Lie ek MP Ue PE Lag 
»  leuckarti, Claus, - ya es ae x b Z 2 pete Ras | : a 
|. Gyuousiyn, Wande, i= 9) xo = |e - - NH) 2A Re - - - 
»»  breuspidatus, Claus, Sos aK Meer iN Se Sloegl . SKoe uh > Ke PA Re ly bax NG EA Or = - - 
| »» languidus,G. O. Sars,-  - aba ioe hile: SP ehictelt Bocuee sal, z : 
55  vernalis, Fischer, - - Dae hy sce WS camel Bes ea “chp es | OS cua (oe coal : 2 
| 1 | } | 
eon UesetosiiGs GO sare =< Vox te a oy ox 1-3) | Ame Se) Me - 
»,  veridis (Jurine), - Se Xs) OX Yo | Si) >. Gr] sep. Oa iy cpa ae > Gem ea aw eal 9 < 
5,  juscus (Jurine), - ae eee lawl We cen PocKe ane ERs re alse learn Magee igre 
,, abidus (Jurine), - ot Tae MOS ait llostce Wiel 25 cal Po enn aie oks aie eon rue ond ie 
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GENERAL LIST OF ALL THE SPECIES OF CrusTacEa, &c.—continued. 
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Names of the Species, 


CLADOCERA—Continued, 


Pleuroxus trigonellus (Miller), 


uncinatus, Baird, 
Harporhynchus faleatus, 


G. O. Sars, 


Peracantha truncata (Miiller), 
Chydorus sphericus (Miller), 
* globosus, Baird, 
i ceelatus, Schoedler, 


5 barbatus (Brady), 
(?) ovalis, Kurz, 


(2) latus, G. O. Sars, 


M onospil us tenuirostris (Fischer), 


Polyphemus pediculus (Linn), 
Bythotrephes longimanus, 


Leydig, 
Leptodora hyalina, Lilljeborg, - 


MOLLUSCA. 


Spherium corneum (Linné), 
Pisidium fontinale (Drap.) 
»  pusillum, Gmelin, 
»  nitidum, Jenyns, 
Anodonta cygnea, Linné, - 
Valvata piscinalis (Miller), 
»,  erestata, Miiller, - 
Planorbis nitidus, Miller, 
nautileus (Linné), 
G3 albus, Miller, - 
a glaber, Jeffreys, 
contortus, Linné, 
Pha yseo fontinalis (Linné), - 
LTimnea peregra (Miller), 
a palustris (Miller), 
3 truncatula (Miiller), 
Succinea putris (Linné), - 


Loch Lomond. 


pe bei te bd) 0) bd bd oe ip 


a - - 


Loch Arklet. 


a a a 


Loch Katrine. 


* These are not from Loch Lomond itself, but from the ‘‘Dhu Loch” alongside, 
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TABLE SHOWING THE ToTAL NUMBER OF SPECIES BELONGING TO THE THREE 
GROUPS OF THE ENTOMOSTRACA THAT HAVE BEEN OBSERVED IN THE 
DIFFERENT LOocHs. 


Names of the Lochs. 


' } | ; 


= PSrsltess | Oils Ae ee S _ 4 aie 

Names of the Three Groups of selalsisidigi4lgl¢eia B | 
the Entomostraca. lal 1s |.) o4 = 4+ 2 | 6 12072 

2 ~ ge 1-35 —] o | 0 Q Pe Nea ° 

= 1 eG | KA <= o4 =| | = i / | | ey . 

— =~ tS al ap as Ss, cian 

oe = <! Pitt = oad 3 5 4 Ovi 

313813 (818167 89-69 Sie 

| es On | On SS ean = 

Sabet gs) ee Sa ae 

ra 

i Pot 

ee 

Copepoda, - - - - {21} 16/16)19|18)18|17|22) 4) 5) 4 
Ostracoda, - - = -- | 16|-7|-7| 9|18| 2715} 10)--4-- fe 
Cladocera, - - = ~- |32|25 | 22) 30 | 14123) Ji (29) Sq 10056 

— — — — |_| — — — 

Total number of Entomostraca | 


| | 
from each Loch, - - | 69 | 48 | 45 | 58 | 50 | G1 | 43 | G1 | 127 154 10} 


NOTES ON SOME OF THE SPECIES MENTIONED IN THE 
PREVIOUS LIST. 


In these notes I propose to limit my remarks chiefly to the local distri- 
bution of the rarer species and to a few questions bearing on variation of 
form, but some of the more common species may also be referred to. 


THe AmpHipopa.—The Amphipoda represented in the gatherings 
from the lochs referred to in the preceding pages included only the 


common Gammarus puler. Gammarus duebeni was not observed in any 
of them. 


Tue Isopopa.—Asellus aquaticus was the only Isopod observed. 


Tue Coprpopa.—Thirty-one species of Copepoda have been identified 
in the various gatherings, and several of them—as Diaptomus gracilis, 
Cyclops strenuus, Cyclops serrulatus, and Canthocamptus staphylinus— 
appear to be more or Jess common and generally distributed. Diaptomus 
gracilis and Cyclops strenuus occurred in nearly all the lochs examined, 
as well as on each of the dates that the lochs were visited. The follow- 
ing are a few of the rarer species noticed :— 


Cyclops leuckarti.—The only loch of the present series in which C. 
leuckarti was observed was Loch Lomond. It has, however, been 
obtained in a few other lochs in Scotland, and has already been referred 
to in a recent Report. 


Cyclops dybowskii, Lande.—This Cyclops has only been observed in 
Loch Lomond, and it was observed in only one of the gatherings, but in 
that one it was moderately frequent. C. dybowskti comes very near C. 
oithonoides, G. O. Sars, and may only be a form of that species. 


Cyclops bicuspidatus. —This distinct species was observed in several of 
the lochs examined. Two of its more obvious characters seem to be the 


of the Fishery Board for Scotland. 187 


elongate secondary branches of the fifth pair of thoracic feet, and the 
elongate caudal furca, in which the exterior marginal seta has a 
position nearly midway between the base and apex of each furcal 
segment. 


Cyclops vernalis and Cyclops bisetosus were also observed in a few of 
the lochs examined, (, bisetosus is a distinctly smaller Cyclops than the 
other ; 1m structure C. bisetosus seems to occupy an intermediate position 
between C. bicuspidatus and C. vernalis, 


Cyclops languidus aud Cyclops nanus.—The first of these two Copepods 
was only observed in Loch Doon, but the other has been obtained both in 
Loch Doon and Loch Lomond, thus indicating by the difference in the 
altitude and position of these two lochs that it may have a moderately 
extensive distribution in Scotland. Dr. Schmeil is inclined to regard 
both these Cyclops as forms of Cyclops vernalis. Cyclops nanus is a very 
small species with eleven-jointed antennules; several specimens carrying 
ova were observed amongst the representatives of this species in Loch 
Doon. With regard to C. languidus, the character that first attracted 
attention was the structure of the antennules, which were found to be 
sixteen-jointed. 


Cyclops macrurus.—This appears to be a moderately scarce species, 
It was observed in only two of the series of lochs under consideration— 


viz., Loch Arklet and Loch Leven. 


Cyclops affinis was observed only in the Dhu Loch (close to Loch 
Lomond). It appears to be rare in the lochs of Scotland. 


Cyclops phaleratus.—This species is recorded from only two of the 
present series of lochs—Forfar Loch and Duddingston Loch.  Ova- 
bearing specimens of all these species have been observed and examined. 
In the preparation of lists such as these it is often preferable to defer 
recording a species till ova-bearing specimens can be obtained, as there is 
always more or less risk of error in the discrimination of immature forms. 


Diaptomus gracilis has already been referred to as one of the more 
generally diffused and common of the fresh-water Copepoda, but two other 
species of Diaptomus have been observed which are less common, and 
these may now be referred to :— 


Maptomus laciniatus.—Loch Doon is the only loch in which this species 
has been obtained. If it be safe to judge of its distribution by what has 
been observed in regard to its occurrence in that loch, D. laciniatus seems 
to be more affected by seasonal changes than some other of the fresh- 
water species. A number of specimens were obtained in a gathering 
collected in September 1897, but in those collected in December 1897 
and March 1898 not asingle specimen was observed. When subsequently 
in the month of July following the loch was again tow-netted, Diaptomus 
laciniatus was found to be moderately common, Professor G. 8. Brady 
has recorded a Diaptomus from Ireland which may probably belong to the 
same species, and, curiously enough, the loch in which this Irish Déapto- 
mus was discovered is also called Loch Doon. This species is quite 
distinct from any other British Diaptomus by having the last two 
segments of the thorax curiously produced at the sides. 

On Plate XIII., figure 1 represents an adult female; figure 2 shows one 
of the fifth pair of thoracic feet of the same specimen; figure 3 represents 
one of the fifth pair in the male; and figure 4 shows the iast three joints 
of the right antennule of the male, 

N 
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Diaptomus hircus, Brady, var.—A Diaptomus, frequent in Loch Ness, 
Loch Oich, and Loch Lochy, which appears to represent one of several forms 
which agree in having a more or less close relationship with Diaptomus 
salinus, Daday. There is a certain uniformity of structure in the fifth 
thoracic feet of the males of this group which indicates their relationship, 
but there is also a certain diversity between the different forms composing 
it, which, if it were constant, might constitute a satisfactory basis for 
the separation of the various forms and for distinguishing the one from the 
other. It appears, however, that this diversity is not constant. Speci- 
mens are met with in which the characters of different forms seem to 
blend ; so that it is sometimes difficult to decide as to the species to which 
they should be ascribed. It also lends support to the cpinion that after 
all. these various forms, as in the case of certain Daphnie to be referred to 
later on, may be but modifications of one variable type. For the present 
I am inclined to ascribe the Diaptomi from the three lochs mentioned to 
Diaptowus hircus, Brady, as being the species to which they are most 
closely related, though differing in one or two points. For example, the 
appendage at the end of the third-last joint of the right male antennule 
is not fimbriated; the protopodite of the left foot of the fifth pair in the 
male wants the finger-like hyaline appendage on the inner margin; and 
the last joint of the outer branches of the same pair of feet in the female 
is iurnished with two sub-equal sete: these characters appear, however, 
to be more or less variable. A somewhat similar form of Diaptomus 
was obtained sparingly in Loch Katrine. Figure 5 on Plate XIII. repre- 
sents one of the Loch Oich specimens. It measured fully one and a half 
millimetres in length. Figures 6 and 7 represent one of the fifth pair of 
feet of the female and the male fifth pair; and figure 8 shows the last 
three joints of the male right antennule. 


Diaptomus witerzejskii, Richard.—One or two specimens, apparently 
belonging to this form, were obtained in Loch Achray, but the species 
appears to be very rare. One of the more obvious characters of this 
Diaptomus is the moderately large and serrated appendage at the end of 
the third-last joint of the right antennule of the male. D. wierzejskii is 
considered to be identical with D. serricornis, Lilljeborg, but there seems 
to be some difference of opinion as to which of the two names should take 
precedence. Professor G. S. Brady has given the preference to Lilljeborg’s 
name,* but Dr. O. Schmeil fT has shown that though the two names were 
published within a very short time of one another, Richard’s was really 
the first in the field. Both names were published in the same year and 
in the same volume, Richard’s at page 53 and Lilljeborg’s at page 157. 
D. wierzejskit is one of the Diaptomus salinus group. 


Tue Harpacticip®.—Among the Harpacticidee observed in the different 
lochs there are a few that may be specially referred to here :— 


Canthocamptus minutus, Claus, though only recorded within recent 
years as a member of the British fresh-water fauna, is apparently a 
widely-distributed species in Britain. It was observed in each of the 
eight lochs composing the first series of those now under discussion. 


Canthocamptus inornatus, a species described in one of the recent 
reports of the Fishery Board, has had its distribution still further extended 
by these researches. It was observed in four of the present series of lochs. 


Canthocamptus schmeilit, Mrazek.—This interesting species, which was 
observed for the first time in Britain in Loch Leven, and some time 


* Revision of the British Fresh-water Cyclopid and Calanide, p. 36 (1891). 
+ Deut:chlands freilebende Siisswasser—Copepoden, Part [II., p. 55 (1896), 
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afterwards was obtained in Park Loch, near Campbeltown (Cantyre), has 
now also been obtained in Loch Lomond. It occurred in the shore gather- 
ing collected between Balmaha and the mouth of the Endrick Water. In 
this gathering it was somewhat rare. 


Canthocamptus hirticornis.—This also was obtained in Loch Lomond 
in nearly the same locality as the last, but at a somewhat later date. C. 
hirticornis is sometimes observed in water that is more or less brackish. 


Attheyella duthiet.—This Harpactid was described from Shetland 
specimens, but was subsequently discovered in a shore gathering of 
Entomostraca from Loch Leven, Kinross. This somewhat rare species 
was again observed in two of the shore gatherings from Loch Leven 
collected during the recent investigations. 


Moraria brevipes (G. O. Sars), which is a somewhat rare species in 
the lochs of Scotland, was observed in Loch Achray and Loch Doon, but 
appeared to be scarce in both lochs. 


Maraenobiotus vejdovskit, Mrazek.—This small Moraria-lke species 
was a few years ago added to the British fauna from specimens obtained 
in Loch Vennachar. I have now to record its occurrence in another 
Scottish loch—viz., in Loch Doon. It was observed in a shore gathering 
from that loch collected in December 1897. In Maruenobiotus the 
mandible-palp is almost obsolete, and in this respect it differs both from 
Mesochra and Moraria, which possess a moderately developed one- 
branched mandible-palp. 


The species that compose the genus Canthocamptus appear to be a 
rather heterogeneous lot, and there seems to be good reason for not only 
removing some of them to Dr. Brady’s genus Attheyel/a, but for a still 
further subdivision of the group. 


THE Osrracopa.—A few of the Ostracods obtained during the recent 
investigations may now be referred to :— 


Cypria exsculpta, Fischer.—This, which is one of a small group of 
laterally compressed Ostracods, differs from the more common Cypria 
compressa by having its shell ornamented with fine, close-set  strie. 
Though observed in four of the lochs it is less common than some of the 
other species. 


Cypris obliqua, Brady.—This fine and distinct species has a moderately 
wide distribution, but is not very common, It has been obtained in only 
two of the lochs examined. 


Cypris incongruens, Ramd.—This Ostracod appears to be local and erratic 
in its distribution, occurring in some places in the greatest abundance, while 
in localities that appear to be equally favourable not a trace of it is to be 
found. On one occasion the species was observed in great plenty on the 
surface of some mud that had collected in the bottom of a large tank 
situated on the top of a sugar refinery in Greenock. How they got there 


is a mystery, as the only water that the tank contained was supplied by 
the clouds. 


Cypris pubera, Miiller.—This is one of the largest, if not the largest, of 
the British Ostracods, It occurred in only two of the lochs under consider- 
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ation—viz., Forfar Loch and Duddingston Loch. An interesting point in 
the distribution is that it does not appear to have yet been observed in 
any of the lochs on the west side of Scotland, though it has been 
observed in a few on the east side. 


Herpetocypris strigata, Miller.—This, which is also a fine and large 
species, appears to be somewhat restricted in its distribution. It was 
during the present investigations observed only in Loch Leven and 
Duddingston Loch. 


Ilyodromus olivaceus, B,and N.—The distribution of this species appears 
to be also very restricted, though it may not be rare where it does occur. 
Like Cypris pubera, it was obtained in Forfar Loch and in Duddingston 
Loch. It may be of interest to refer to a somewhat curious feature in the 
distribution of the two Ostracods Herpetocypris strigata and Ilyodromus 
olivaceus as regards their occurrence at Duddingston Loch. On the 
north-west shore of that loch—the part of the shore which is accessible to 
the public—there are several large boulders, and at the foot of one of 
them which is situated two or three yards back from the edge of the 
water, the soil has been excavated to a small depth along the front side, 
either by the feet of people who are wont to use the boulder as a seat, or 
by children digging about it. This hollow and the ground all round the 
boulder is dry and hard for two or three months during summer; but 
from late autumn to spring the hollow is full of water which percolates 
into it from the rising ground behind. Yet in this hollow, which in 
summer is baked by the sun and trampled hard by the feet of people who 
use the boulder as a resting-place, and where it is difficult to conceive how 
anything could retain its vitality, I have found, year after year, in the 
early winter and spring, a considerable abundance of Herpetocypris 
strigata, together with a certain admixture of J/lyodromus olivaceus. 
These are the only two species which I can remember having observed at 
this place; and it often puzzled me to find out how they were able to 
survive the heat and drought of summer. Probably all the adults perish, 
but the ova will be better able to resist the extreme conditions to which 
they are exposed during the summer months. The two Ostracods referred 
to, though more or less common here, are seldom obtained in the loch 
itself. 


Llyodromus robertsont, B. and N.—A number of specimens of this com- 
paratively rare species were obtained in Loch Doon. Its distribution, so far 
as known, appears to be restricted to a few lochs in Scotland. Herpetocypris 
strigata, Ilyodromus robertsonz, and [lyodromus olivaceus show a certain 
gradation of form which is somewhat difficult to describe clearly ; but 
when actual specimens are compared, the one with the other, there is not 
much trouble in discriminating the different species, 


Cyprots flava, Zadd.—Duddingston Loch appears still to be the only loch 
in Britain in which this species certainly exists,and it is interesting to find 
that the Cyprois is restricted to a comparatively small portion of the west 
end of the loch. Moreover, the species is not found, except, perhaps, 
rarely, in the loch itself, but in littie pools in the marshy ground outside 
the extensive mass of tall reeds that fringe the shore at this part. At 
my last visit to Duddingston Loch [ obtained specimens of the Cyprois 
at the same part at which it was found a good many years ago. 


Candona acuminata, Fischer.—Specimens of this somewhat rare 
Ostracod were obtained in Loch Lomond, along with Candona faleformis 
and one or two other species. 
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Candona hyalina, B. and R.—This Candona has been known for a 
considerable number of years, but there was for a time some uncertainty as 
to whether it were really distinct, or simply a form of some other species. 
Now, however, there seems to be little doubt as to its being a “ good” 
species. Candona hyalina was obtained in four of the lochs recently 
examined—Loch Lomond, Loch Arklet, Loch Katrine, and Loch Doon. 


Darwinula stevensont, B. aud R.—This curious and somewhat rate 
Ostracod was observed iu only one loch—viz., Loch Lomond—and was 
scarce in the only gathering in which it occurred. 


Cytheridea lacustris, G. O. Sars.—Loch Lomond was one of the tvro 
lochs in which this species was observed. C. dacustris has already beea 
recvrded for Loch Lomond by Professor G. S. Brady and the late Dr. 
Robertson, but it is a species that is not very generally distributed. Its 
occurrence in Loch Leven has also been previously recorded. 


THE Cirapocera.—A number of species of Cladocera that are more or 
less interesting because of their rarity, their restricted distribution, or 
their remarkable tendency to variation, will now be referred to :— 


Sida erystallinu, Miiller.—Tlis fine species was obtained in eight of 
the lochs examined. 


Diaphanosoma brachyurum, Lievin,—- Daphnella—the name by whicit 
this Cladocerau was known from Dr. Baird’s time on till recent years, is 
now replaced by the somewhat clumsy appellation of Diaphanosoma. The 
representatives of this genus, which occurred in two of the loths 
examined, appear all to belong to the form previously known as Daphnella 
brachyura. 


HOLOPEDIDA. 


Holopedium gibberum, Zaddach.—This curious species was observed in 
five of the lochs, and in all of them it appeared to be more susceptible to 
seasonal changes than any of the other Entomostracan species. Though 
common or plentiful in the summer or autumn months, it seemed to 
disappear entirely during winter. 


DAPHNID&. 


Ceriodaphnia laticaudata, P. K. Miiller.—This somewhat rare species 
was obtained in Forfar Loch in a shore gathering, and C. reticulata 
occurred in the same loch, but in gatherings collected by tow-net. 


Ceriodaphnia quadrangula (O. F. Miller) was observed in tow-net 
gatherings from Duddingston Loch. Figure 55 on Plate VII. represents 
one of the Duddingston Loch specimens, and figure 23, Plate XIIL, 
represents the post-abdomen otf the same specimen. 


Scapholeberis mucronata, O. k. Miiller.—This somewhat rare Cladoceran 
occurred in two of the lochs examined—the Dhu Loch (close by Loch 
Lomond) and in Forfar Loch, but it appeared to be somewhat scarce in 
both of them. 


Daphnie sp. (Plate VIT., figures 1-54.) 


The Daphnie obtained during the recent investigations have shown in 
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some instances a considerable diversity of form, which it may be of interest 
to refer to somewhat in detail; and, in order to avoid as far as possible 
confusing one thing with another, I will consider separately the Daphnie 
observed in each of the lochs, with remarks, where necessary, on the 
relationship of the various forms observed. 

The study of these organisms has been more difficult than that of some 
of the other groups owing to the diversity of opinion that exists as to 
what forms should be considered “species” and what “ varieties.” In 
some instances the tendency to variation is so great that though extreme 
forms when compared directly with each other seem to be ‘‘good ” species, 
yet gradations between them may be met with, which prove more or less 
clearly that the two extreme forms are merely “forms” of one species ; this 
tendency tv variation, which is specially evident in Daphnie from some 
of the lochs recently examined, makes their study both interesting and 
perplexing. In my notes of the Daphne of the different lochs, I will be 
guided to some extent by Professor G. 8. Brady’s “Revision of the 
British Species of Daphnia and other Allied Genera,” and the same order 
will be observed here in dealing with the lochs as is observed in the 
former part of this paper. 

It may be remarked further that the Daphnie with crested heads (so com- 
non in some of the lochs of the middle and north of Scotland, and which have 
been recognised as identical with Professor G. O. Sars’ Daphnia galeata) 
have, in several of my previous papers on the invertebrate fauna of the 
inland waters of Scotland, been ascribed to Daphnia jardinit of Baird, 
because it seemed to me that Dr. Baird’s short definition of his species 
(published in the Hdinburgh New Philosophical Journal, 1857) was quite 
applicable to some of the forms of this variable species. Dr. Brady and 
also Professor G. O. Sars appear, however, to regard Daphnia galeata 
and Daphnia jardinii as distinct ; yet, as Daphnia galeata shows so 
great a tendency to variation, it will not be very surprising if the form 
to which Dr. Baird’s name has been restricted should, after all, prove to 
be but another variety of Sars’ species, the product of some peculiarity in 
the environment, 7.é., a slight difference in the chemical properties of the 
water, or in the general temperature, or in the food supply. But questions 
such as these can only be satisfactorily solved by a careful and systematic 
study of the life-history of the organisms concerned, and that can scarcely 
be done except in a properly-equipped laboratory. 

It might be useful if names were given to even a greater number of 
the remarkable forms of such a protean species as Daphnia galeata than 
has yet been done. A number of the prominent varieties of this form 
will be referred to when we come to discuss the Daphnie of Loch Ness, 
Loch Oich, and Loch Lochy. Meantime, I go on to consider briefly one 
or two points concerning the Daphnie observed in Loch Lomond. The 
Duphnie of the other lochs will be referred to in their order. 


The Loch Lomond Daphnia. (Plate VIL., figures 34, 35, 51.) 


All the Daphnie contained in the various gatherings from this loch 
appear to belong ta the one species—Daphnia lacustris, G. O. Sars. 
Professor G. 8S. Brady, who kindly examined some of the specimens from 
this loch, considered them to belong to that species. A few of the Loch 
Lomond specimens present what appears to be an interesting departure 
from the normal form of D. lacustris. The adult female, according to 
the description of the species, has no tooth on the top of the head or even 
on the dorsal aspect near the top. ‘The presence of a vertex tooth is a 
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character of the young only, but disappears altogether in the adult.” * 
Among the Loch Lomond specimens collected near Balmaha there are a 
few adult females—or, at any rate, females carrying psewdova—which are 
furnished with a distinct tooth near the top of the head and a little 
towards the dorsal aspect; one of the specimens is represented by figure 
34, Plate VIL. This specimen is, with the exception of the tooth, similar 
to the more common form without a tooth, of which figure 35 is an 
example. It is not uncommon to find young Daphnie provided with a 
tooth; but the present specimen is of more interest seeing that it 1s 
apparently an adult female. Another female with psewdova has the tooth 
bidentate (figure 344). The toothed form appears to be rare in Loch 
Lomond, the other with the evenly-rounded head being the more common 
one. No male Daphnie were observed in this loch. 


The Daphnie of Loch Arklet. (Plate VIL., figures 40, 45, 45..) 


The Loch Arklet Daphnie has been identified by Professor Brady as 
Daphnia longispina, O. F. Miiiler, and as probably belonging to the 
variety aquilina, G. O. Sars. Professor Sars, however, describes his variety 
as a variety of D. lacustris, aud it would almost seem as if that were the 
more probable relationship. I have already stated that the Loch Lomond 
Daphnia has been identified as D. lacustris; and if, in connection with 
that, it is remembered that the overflow water from Loch Arklet falls into 
Loch Lomond, it is not unreasonable to suppose that the Daphnie of the 
two lochs should be more or less closely related. ‘There is, uo doubt, a 
certain amount of difference between the typical Loch Arklet female 
Daphnia and the typical Loch Lomond female; but it is a difference 
which might be produced by the difference in the habitat of the two 
forms. The most obvious difference between the Daphnice of the two 
lochs is in the contour of the heads of the females. In the Loch Arklet 
female the dorsal curve of the head is not so bold as in that of the female 
from Loch Lomond, and the head is also proportionally somewhat shorter 
when compared with the entire length of the body, as shown by the 
figures (figures 35 and 40). In the specimen figured (figure 40) the 
number of preanal spines is fourteen, aud the post-abdominal processes are 
small (figure 45). In another and slightly larger specimen the preanal 
spines number sixteen, and the processes are moderately elongate (figure 
45a). It may also be remarked that an adult female Daphnia from Loch 
Lomond carried fourteen preanal spines and possessed long post-abdominal 
processes—both of which characters are by no means uncommon among 
the Loch Lomond Daphnie—thus indicating still more clearly the 
relationship of the Daphnic of the two lochs. 


The Daphniw ot Loch Katrine. 


The Daphme observed in Loch Katrine belong to D. galeata, G. O. 
Sars. They did not exhibit such a variety of form as those of the same 
species from some of the other lochs which will be referred to, but 
resembled generally the form represented by figure 10, Plate VII. No 
male Daphnia were observed in this loch. 


* “Revision of the British Species of Daphnia” (p. 232). 


+ This is probably the form described by Dr. Richard in his Revision des Cladocéres 
(Ann. d. se. Nat. Zool., 1896, p. 307, pl. xxiv., fig. 4) as Daphnia lacustris, var. vicina. Dr. 
Richard’s specimens of this variety, which were obtained in Loch Leven Kinross are con- 
sidered by Dr. Brady to be merely the young of the species named ; whether that be so 
or not, there can be no doubt that the form referred to here as possessing a vertex tooth 
is to all intents and purposes ‘‘adult ” 
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The Daphnie of Loch Achray. (Plate VII., figures 22, 53.) 


Loch Achray, as already stated, receives most of its supply of water 
from Loch Katrine, and probably the Daphnia found in it have been 
introduced with the water from that loch. They belong to the same 
species, but exhibit, perhaps, somewhat greater variation. It is interest- 
ing to note that the Daphniew of Loch Vennachar—which receives the 
overflow water from Loch Achray—-appear to belong to Daphnia galeata. 
Though hundreds of specimens from each of the three lochs —Loch 
Katrine, Loch Achray, and Loch Venuachar—have been examined, none 
were observed that could satisfactorily be ascribed to any other species 
than the one named. This circumstance seems to favour the opinion that 
the Loch Arklet and Loch Lomond Daphnie are but forms of the one 
species—viz., of Daphnia lacustris. 

A few male Daphniw were observed in the Loch Achray gatherings, 
and one of them is represented by figure 22. 


The Daphnie of Forfar Loch. (Plate VIL., figures 23-28, 49.) 


In this loch the Daphnie, which were very plentiful, appeared all to 
belong to the one species—D. lacustris. A considerable proportion of 
the young were furnished with a tooth on or near the top of the head, 
as shown by figure 24; while the usual form of the adult females con- 
tained in the different gatherings is that represented by figure 23. <A 
certain amount of variation was observed. This variation included a 
slight difference in the form of the head and in the length of the posterior 
spine ; figures 25, 26, and 27 represent a few of these differences. The 
specimen represented by figure 26 has a very short posterior spine; while 
in that represented by figure 27 the spine is obsolete, It will also be 
observed that figures 25 and 26 are ephippial females which possess a 
distinct bulge at the base of the posterior spine—a feature which is said 
to be characteristic of Daphnia longispina. Moreover, the usual number 
of preanal spines in the adult females is thirteen, but the number varies 
in some specimens to twelve and fourteen ; the abdominal processes in 
many of the specimens are also comparatively short (figure 49). In fact, 
the Forfar Loch Daphnie possess characters which seem to indicate a 
relationship with D. longispina, whilst others show as distinct an affinity to 
D, lacustris. Figure 28 represents one of the male Daphnia observed in 
Forfar Loch, It has in many cases been noticed that the young Daphna, 
when about to leave the protection of the parent, has no tooth on the 
head. <A tooth appears, however, to he developed at a very early stage 
in the growth of the specimens, and to be lost before maturity is reached. 
No adults furnished with a tooth have been observed among the Forfar 
Loch Daplniew; the tooth observed on the young was usually bidentate. 


The Loch Leven Daphniw. (Plate VIL., figures 29-33.) 


Loch Leven is another of the lochs recently examined in which 
Daphnia are very abundant. In my paper on the invertebrates of this 
loch (published in the Ninth Annual Report of the Fishery Board), I 
ascribed the Loch Leven Daphnia to D. longispina, but they are now 
referred to D. lacustris; it is really doubtful, however, if there is a single 
character that can be laid hold of that is not, under varying conditions, 
common to both. After the examination of many hundreds of specimens 
there is only one mark which may be considered as belonging to D. 
lacustris-—viz., the presence in the young of a tooth on or near the top of 
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the head. Yet even this is a doubtful character ; for specimens may be 
obtained in this loch both with and without the tooth which are other- 
wise identical (figures 32, 33). Figure 29 represents a very common 
form among the Loch Leven Daphnia; while figures 30 and 31 represent 
specimens in which the posterior spine is almost or altogether obsolete. A 
few males were observed in the gatherings from this loch collected in 
December. 


The Daphnie of Duddingston Loch. (Plate VII., figures 41-44, 44a, 
46, 54.) 


Daphnia hyalina, var. pellucida, P. E. Miller, is recorded by Dr. 
Brady from Duddingston Loch, which appears to be the ouly loch in 
Britain where this variety has been observed. As the distribution of this 
form appears to be so restricted, the following description of the female, 
transcribed from Dr. Brady’s Revision ulready referred to, may be of 
interest. :— 

“ Female.—Outline as seen from the side subovate, with a very long, 
slender, and slightly curved spine. Head occupying about one-third of 
the length of the body, well-rounded in front, ventral margin straight or 
very slightly sinuated, and terminating in a slighily produced beak ; 
dorsal border of the shell forming a continuous very gentle curve, some- 
what flattened in the middle ; ventral margin rather boldly convex. The 
post-abdominal spines are slender and simple, except for a fringe of 
excessively delicate sete, progressively increasing in size from behind 
backwards ; dorsal abdominal processes obsolete. Eye rather large, placed 
near the centre of the head; between it and the rostrum is generaily 
visible a minute eye-spot. Shell often very distinctly chequered ; in other 
cases nothing but a granulated structure is visible. Length, 1*8mm.; 
height, ‘9mm.” 

During the four occasions on which Duddingston Loch was examined 
no satisfactory examples of the variety described above were observed. 
The Daphnie that were collected showed a certain amount of variation in 
the general outline, in the length of the posterior spine, in the number of 
preanal teeth on the post-abdomen, and in the development of the post- 
abdominal processes. Some of the more or less immature specimens 
resembled somewhat the variety described by P. E. Miiller, but the most 
common appearance assumed by the adult female is that represented by 
figure 41. The post-abdomen of this specimen is shown by figure 46. 
The length of this specimen, exclusive of the posterior spine, is about 
1‘9mm.; but it measures, including the spine, 25mm. The head is a 
very little more than a fourth of the total length of the body. The pre- 
anal spines are ten, but in some specimens they amount to fourteen. The 
abdominal processes are moderately developed, aud the post-abdominal 
claws are similar to those of D. lacustris or D. longispina. I have not, so 
far, observed any of the young with a vertex touth. Male specimens were 
not very rare in the gathering collected in September last, and one of 
them is represented by figure 43. Had the young been furnished with a 
vertex tooth, I would have been inclined to ascribe the Duddingston Loch 
Daphnia captured in our tow-nets to D, lacustris ; but as no young pos- 
sessing such a tooth have been observed, the species with which they most 
closely agree is D. longispinu. Figure 44 represents the head of a not 
very mature specimen, and figure 444 its abdominal processes. 


The Loch Doon Daphnie. (Plate VII., figures 36, 39, 50.) 


The Daphnie of this loch are of a somewhat peculiar form that appears 
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to be identical with Daphnia lonyispina, var. nasuta, G. QO. Sars. Loch 
Doon appears to be the only British loch in which this variety has been 
observed. It is the only Daphnia that I have noticed in the Loch Doon 
gatherings, aud in one or two of them it was moderately common. A 
slight variation is observable in some of the specimens, especially in the 
contour of the head, but otherwise the form is a very constant one. 
Figure 36 represents one of the more common forms. The head, seen 
from the side, is narrowed anteriorly, and the ventral margin is slightly 
convex, but more distinctly so immediately anterior to the beak. The 
dorsal margin is boldly curved anteriorly ; it then extends in a nearly- 
straight line to a little beyond the middle of the body, and thence curves 
gently to the base of the posterior spine. The ventral margin from the 
beak to the base of the posterior spine is prominently arcuate. The head 
is equal to about a fourth part of the entire length of the body. The 
posterior spine is of moderate length, but the length varies somewhat in 
different specimens. The specimen represented by figure 37 is somewhat 
larger than the one just referred to, and has the front and dorsal margins 
of the head slightly concave. A male specimen which has the head more 
evenly rounded, and possesses a longer posterior spine, is represented by 
figure 38. The preanal spines of the post-abdomen figured (fig. 50), which is 
that of a female, number thirteen; but the number varies to a small 
extent in different specimens. The terminal claws are slender and of 
moderate length; and the abdominal processes, which in the specimen 
figured (fig. 50) are moderately developed, have also a slight tendency 
to variation, Figure 39 shows a front view of a male specimen. 


The Daphnie of Loch Ness, Loch Oich, and Loch Lochy. 
(Plate VII., figures 1-21, 47, 48, 52.) 


The Daphnie observed in these three lochs, though exceedingly variable 
in form, appear all to be referable to the one species—D. galeata. Figure 
1, which represents one of the largest and finest of the forms observed in 
Loch Oich, measured about 3:-4mm. (fully gth of an inch) in length. 
This is a common form in Loch Oich, but there are quite a number of 
variations. Figures 2 and 3 represent two of these variations in which 
the crest, though pointing forward as tn figure 1, is scarcely so much pro- 
duced; while in figure 3 the beak is more produced than it is in figures 
land 2. In figures 5 to 8, which represent other variations, the crest 
assumes a more or less upright position. In figure 6 the head has the 
form of an equilateral triangle. In figure 4, on the other hand, the beak 
is somewhat prominent, but the head has lost its pointed form and becomes 
somewhat rounded, Figures 18 to 20 represent another set of variations 
in which, though the head be somewhat similar to that shown by figures 
1 to 3, the posterior spine is either very short or obsolete. All the figures 
just referred to were prepared from Loch Oich specimens and represent 
adult females, 7.¢e., females with pseudova or embryos, or in which an 
ephippium was in process of development. Figure 17 represents a Loch 
Oich male. Many of these were examined; but while variation among 
the females was almost unlimited, there was very little variety of form 
observed among the males; and in no case was a male specimen observed 
with a rounded head. Every one of the specimeus noticed was furnished 
with a pointed crest; even the immature specimens possessed it. Where 
any difference was observed among these male specimens, it was limited 
very much to the prominence in front of the eye being more arcuate in 
some than in others. 

In figures 11 to 16 a somewhat different group of variations is repre- 
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sented ; these figures were prepared from Loch Ness and Loch Lochy 
specimens. In the Loch Oich Daphnie the predominant type of head, 
whether it be acutely or bluntly crested, and whether the crest be upright 
or inclined, is in its general outline more or less triangular ; whereas the 
usual form of head met with among the Loch Ness and Loch Lochy 
Daphnice is more or less flat and rounded, and where a crest is developed 
it usually starts more or less abruptly from the broadly rounded head ; 
figures 11 and 12 may be cited as examples. There is, of course, some 
overlapping of the variations in the several lochs; still it seems to be the 
case that while in Loch Oich the triangular and gradually tapering form 
of head is the more general form, the broadly rounded and abruptly 
apiculate head is more typical of the Daphnic of Loch Ness and Loch 
Lochy. These differences, however, have only been observed amongst 
the females. The males that have been observed in Loch Ness and Loch 
Lochy are identical in form with those observed in Loch Oich; and the 
remarks on the variations noticed in the males of that loch are equally 
applicable to those of theother two. It may be added that figures 15 and 16 
represent forms closely resembling that on Plate IX. of Dr. Brady’s 
“* Revision” already referred to, and described by him as D. galeata var. 
obtusifrons, G. O. Sars; but Dr. Brady, referring to this variety, says : 
“I can scarcely think that this form is a permanent one, or that it repre- 
sents more than a transitory condition.” Still the distinguishing by name 
of the ditferent gradations observed should be useful for reference. It is 
by no means singular that there should be some difference between the 
forms of individuals from Loch Ness and Loch Lochy and those from 
Loch Oich, when the physical conditions of Loch Oich are taken into 
account, and when they are compared with those of the other two lochs. 
Loch Oich is comparatively a small loch ; its average depth is considerably 
less than that of the other two; and it is also more sheltered. Moreover, 
its surface is broken up by several small islands and headlands, and its 
range of temperature is greater. All these differences will doubtless 
react to some extent on the fauna—at least, on the pelagic fauna—of the 
loch ; and those organisms that are more readily affected by such differences 
will exhibit variations more or less obvious. And if, taking into account 
the physical contrasts referred to, the occurrence of certain modifications 
in the form of those organisms more readily affected by such differences 
should not be considered remarkable, neither need it be considered strange 
that the Daphnive of these lochs, and especially of Loch Oich and Loch 
Ness, should belong to the same species; for the direct overflow of Loch 
Oich by the River Oich is into Loch Ness, and therefore a more or less 
close identity of species may reasonably ve expected to exist between them. 
Another point that should be remembered is that a considerable amount 
of Loch Oich water finds its way into Loch Lochy by means of the 
canal; but how far this may have an influence in equalising the fauna of 
these two lochs may be a somewhat more difficult question to solve. It 
is very probable, however, that the continual daily movement of Loch 
Oich water south-westward into Loch Lochy via the canal will have a 
tendency to transport some, at least, of the free-swimming forms from the 
one loch to the other, and thus extend the distribution of such species, 
There is still another point that may be noticed before passing on from 
the consideration of the Daphnic of these lochs. Glen Garry, which 
extends in a nearly east and west direction, terminates at Loch Oich, and 
the River Garry, which flows through the glen, empties itself into that 
loch. This river passes in its course through two small lochs—Loch 
Quoich, near the west end of the glen, and Loch Garry, near the east end. 
Indeed, one would not be far wrong in considering these lochs as being 
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merely expansions of the river. Now, reasoning by analogy, one would 
be inclined to presume that the Daphnia of these Glen Garry lochs would 
very likely belong to the same species as those of Loch Oich and Loch 
Ness—and we have no reason to suppose that they are not the same 
species. Jam aware that some specimens of Daphnia which the Rev. 
A. M. Norman collected in Loch Garry have been ascribed to a different 
genus and species (Hyalodaphnia kahlbergensis, Schcedler); but Dr. 
Brady, while so far recognising this identification, refers to the characters 
relied upon for the discrimination of this form as being ‘“‘ very doubtful,” 
and adds: ‘‘ Some of the helmeted forms—as, for instance, D. galeata— 
have always a small, though distinct, eye-spot, but are in other respects so 
closely similar to D. kallbergensis as to be with difficulty distinguished. 
Under these circumstances Schoedler’s generic name seems of questionable 
value, and it may even be doubted whether all the members of the 
helmeted group should not be looked upon as mere varieties of one very 
protean species.” Had Loch Garry been entirely separated from Loch 
Oich (as Lough Erne is from Melvin Lough in Ireland, whence some 
helmeted specimens have been sent to Professor Brady), there would have 
been more reasonableness in the supposition that the Daphnie of the two 
lochs were more or less distinct. However, seeing that a considerable 
stream of water passes through Loch Garry, and after a course of a few 
miles falls into Loch Oich, and also that Daphnie are decidedly pelagic 
in their habits, and therefore lable to be transported from one loch to 
another—especially when lochs and rivers are in flood—it will be of con- 
siderable interest if it can be satisfactorily proved that a species of 
Daphna exists in this small Glen Garry loch distinctly different from 
that observed in Loch Oich. I am rather inclined to think that if a 
large series of the Loch Garry specimens were examined, as has been 
done in the case of Loch Oich, they would be found to be specifically 
identical with those of that loch. 

But the more interesting points in any discussion on the Daphnie of 
these locas are not so much questions as to whether certain modifications 
should be regarded as being of specific or non-specific value, for the great 
tendeucy to variation exhibited by this particular group of organisms is 
so great, scarcely any of the several characters that have at one time or 
another been selected as affording a means for discriminating between the 
different forms can be relied upon as satisfactory; hence what may be 
regarded as a species or a variety is, in not a few cases, simply a matter 
of opinion. A more interesting point is the striking evidence which 
these variations furnish of the apparent susceptibility of Daphnie to the 
influence of the changes that may occur in their environment. Another 
point, and one which has already been touched upon, is whether the various 
forms of Daphnia living in the same loch, or in a series of lochs of limited 
extent and communicating directly the one with the other—as Loch 
Katrine, Loch Achray, and Loch Vennachar—should all be considered 
forms of one species; or whether there is satisfactory proof that two 
or more species of Daphnia may be, or have been, obtained under such 
conditions. It is possible that in the large fresh-water lakes of Conti- 
nental Kurope—lakes which, when compared with the lochs of Scotland, 
might almost be denominated inland seas—more than one species of 
Daphnia is to be found; but in the examination of the Scottish fresh- 
water lochs, which has now been carried on for several years, I have so 
far obtained no satisfactory evidence to show that more than the one 
species is to be found in the one loch, or in a series of lochs directly 
connected with each other as in the example cited above. 

The figures of Daphnia on Plate IV. represent female specimens 
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carryiug pseudova or embryos, or which are developing ephippia, except 
where otherwise stated. It is not pretended, however, that the specimens 
are all equally mature. Daphnie begin to bear pseudova at a compara- 
tively early stage of development, and may, in the course of subsequent 
stages, become altered in form; they may develop larger abdominal 
processes, and the number of preanal spines may be increased. All this 
emphasises the need for extra carefulness, in dealing with such forms, not 
to place undue value on characters so unstable as these are. 

As regards seasonal distribution, Daphnia seems to be less affected by 
the changes incidental to the different seasons than some of the other 
entomostracan species appear to be. In the larger lochs the variation of 
these organisms in regard to number was found to be usually very little 
for the different seasons; and even in lochs of less dimensions—as Forfar 
Loch, Loch Leven, and Duddingston Loch—the Daphnice, though some- 
what less numerous in winter than in summer, were still comparatively 
common. But while the distribution of Daphnia is fairly constant in 
large sheets of water and even in lochs of moderate size, it is sometimes 
different in the case of small bodies of water. In ponds, tarns, ete., 
Daphnice occasionally exhibit some curious vagaries in regard to their 
distribution. Prolonged dry or wet weether causes greater extremes in 
the quantity of water present in such ponds and tarns than it does in the 
larger lochs, and to this probably is due the erratic distribution referred 
to.* The following is a brief narration of an example of this erratic dis- 
tribution of Daphnia which last year came under my own observation. 
Some time during the summer of last year I was informed by a friend that 
Entomostraca were common in an artificial pond in the vicinity of Edin- 
burgh. I visited the pond on 3rd July and found Daphnia pulex abundant. 
Many of them were carrying pseudova, and males and ephippial females 
were plentiful, but few other species were observed. On the 25th of 
August following I made another visit to the same pond, The weather 
during the interval had been dry and warm ; little or no rain had fallen, 
and the quantity of water in the pond had become greatly reduced. It 
might have been thought that in these circumstances the Kntomostraca 
would have become more crowded together and that a larger catch would 
be obtainable than on the previous visit. The actual result was, however, 
very different. It was found that Entomostraca were few, and that 
Daphnia had entirely disappeared; not a single specimen was obtained 
though a more careful examination was made than on the former visit. 
The interval between the two visits was seven weeks and three days. 
This, however, can hardly be called an example of seasonal distribution. It 
simply shows that in limited areas certain forms of Entomostraca may be 
so affected by temporary physical changes as to cause, for a time at least, 
their entire disappearance. 


LYNCODAPHNIDA 


Lathonura rectirostris, O. F. Miiller.—This rare species was obtained 
in two of the lochs examined—viz., Loch Doon and Loch Achray—but 
it occurred in only one of the gatherings from each of these lochs. 


Streblocercus minutus, G. O. Sars.—The Dhu Loch (at the side of 
Loch Lomond) was the only place where this rare Cladoceran was observed. 
Only a few specimens have been obtained; but it is a very small species 
and may readily be overlooked. 

* Such variations in the weather as described will occasion considerable changes in the 


temperature of small bodies of water, and this also will have a certain influence bearing 
on the distribution of the fauna and flora, 
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Drepanothriz dentata (Kuren) was also obtained in the Dhu Loch, as 
well as in Loch Arklet, Loch Achray, and Loch Doon. This species 
appears to have a wide distribution in Scotland. 


Acantholeberis curvirostris, O. F. Miiller.—This also was observed in 
the Dhu Loch and in Loch Arklet; but these are the only two of the 
present series of lochs in which it occurred. 


LYNCEIDA. 


Camptocercus rectirostris, Schoedler.—The Camptocercus that has been 
observed in four of the lochs under consideration appears to be the form 
that has been described by Schoedler under the name of Camptocercus 
rectirostris, aud which is referred to under that name by Hertick in his 
“Crustacea of Minnesota.” Figure 56, Plate VII., represents one of the 
specimens from Loch Doon, the post-abdomen of which is represented by 
figure 57. The figure of the post-abdomen of the Camptocercus in Dr. 
Baird’s classical work agrees very closely with that of the form described 
by Schoedler. In this form the spiniferous margin of the post-abdomen 
slopes away gradually from the base of the claw; but in the form which 
seems to be generally considered as the Lynceus macrurus of O. F, Miiller 
(now Camptocercus macrurus), the post-abdomen is of moderate depth 
throughout, the margins towards the claw are nearly parallel with each 
other, and the slope at the base of the claw is abrupt or nearly subtruncate. 


Leydigia quadrangularts, Leydig.—This is a rare Cladoceran in Scot- 
land, though it appears to have a fairly wide distribution. Forfar Loch is 
the only loch of the present series in which it was obtained, A few years 
ago I had the privilege of submitting specimens of this form to Professor 
G. O. Sars, who confirmed the identification of the species. In this form 
the terminal claw of the post-abdomen is furnished near the base with a 
distinct, though small, spinule. Figures of the species are published in 
Part I61. of the Ninth Annual Report of the Fishery Board for Scotland. 


Alona tenuicaudis, G. O. Sars.—This also is comparatively a rare or local 
species, It was observed only in Duddingston Loch, but it occurred in three 
out of the five gatherings from that loch, and was frequent in two of them. 
The post-abdomen in this species somewhat resembles that of Alonopsis, 
but its armature is very different. 


Alona intermedia, G. O. Sars.—The Lynceid, which I have described 
under the name of Alona neqlecta,* appears to be the Alona intermedia 
of G. O. Sars; while the Lynceid recorded as Alona intermedia from 
various parts of Scotland + and England t is the Alona rectangula of G. 
QO. Sars. Alona intermedia (A. neglecta, mihi) occurred in four of the 
lochs of the present series, but was scarce in all of them. It is a small 
species and readily overlooked, and may therefore appear rarer than it 
really is. 


Alona rustica, T. Scott.—It appears from recent investigations that this 
is a widely distributed species in Britain. It has been obtained in Shetland, 


* Thirteenth Annual Report of the Fishery Board for Scotland, Part III., p. 189, 
Plate V., figures 4, 18. 

+ Annual Reports of the Fishery Board for Scotland, Part ITI., 1895, p. 188; 1896, 
p. 237 ; 1897, p. 883 ; and 1898, p. 252. 

+ ‘The Entomostraca of Epping Forest,” by D. J, Scourfield, in The Essex 
Naturalist, Vol, X., p. 319, 1898, 
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in various parts of the mainland of Scotland, and Mr. Scourfield (loc. cit.) 
reports its occurrence as far south as Epping Forest. A. rustica has 
been obtained in Loch Lomond, Loch Arklet, Loch Achray, and Loch 
Doon, but was somewhat rare in each of them, 


Alonella exigua, Lilljebore.—The Alonella which I have here, and in 
previous papers on the fresh-water Entomostraca of Scotland, recorded 
under the name of Alonella exiqgua belongs to the form known as 
Alonella excisa, G. O. Sars. The shell of this Lynceid has the inter- 
spaces formed by the reticulations ornamented with numerous very delicate 
strie. In recording this Lynceid under Lilljeborg’s rather than under 
Sars’ name, I follow the authors of the “ Monograph of the British 
Entomostraca belonging to the Bosminide, Macrothricidx, and Lynceide,” 
who regarded both as forms of the one species, and accordingly gave the 
preference to the older name. It may be that both forms are distinct, 
and if they are so these Scottish Alonellas ought to be called Alonella 
excisa. This Alonella was moderately frequent in some of the gathetings, 


Harporhynchus falcatus, G. O. Sars.—This curious Lynceid was 
observed in five of the lochs examined—Loch Lomond, Loch Arklet, 
Loch Katrine, Loch Achray, and Loch Doon. It is perhaps a more 
widely distributed species than it was at first thought to be. 


Chydorus globosus, Baird.—This fine species occurred in only two lochs 
—Loch Lomond and Loch Achray. Though its distribntion extends to 
the Shetland Islands, it does not appear to be very common. 


Chydorus celatus, Schoedler.—This very small form was observed in 
five of the lochs examined. 


Chydorus (2?) latus and Chydorus (?) ovalis are two doubtful forms 
which may probably be only the young of Chydorus globosus. 


Monospilus tenutrostris, Fischer.—This curious and rare Cladoceran was 
observed in Loch Lomond, Loch Achray, and Loch Leven. It has been 
known as a member of the Loch Leven entomostracan fauna for a good 
many years—at least since 1890. 


POLYPHEMID. 


Bythotrephes longimanus, Leydig.—Bythotrephes has occurred in all but 
two of the eleven Scottish lociis recently examined. It seems to have a 
wide distribution among the lochs of the mainland, but it has not been 
observed in any of the lochs of the Outer Hebrides that I have examined, 
nor in those of Orkney or Shetland. 


Leptodora hyalina, Lilljeborg.—This entomostracan occurred in each 
of the lochs in which Bythotrephes was obtained, and it was moderately 
common in several of them. Leptodora, like that species, has not been 
observed in the Outer Hebrides or in the Orkney or Shetland Islands ; but 
its distribution on the mainland extends from the South of Scotland north- 
ward as far at least as Loch Ness. A careful examination of specimens 
from various lochs and of various sizes and stages of development has 
been made in order to ascertain if more than the one species existed in 
Scotland, but it has failed so far to bring to light avy other form than 
the well-known Leptodora hyalina, 
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DESCRIPTION OF THE PLATE. 


PLATE VII. 


Daphnia galeata, G. O. Sars. 


. Female, side view, Loch Oich 


head, side view, to show variation in form of head, Loch Oich 


99 be) 99 +) 99 


be) 39 99 3? 99 


Female, side view, Loch Oich 


99 


”? 


3? 


. Female 


head, side view, to show variation in form of head, Loch Oich 
9? 99 Le) 9) 99 

side view, Loch Oich 
- common form, Loch Oich 

head, side view, a common form, Loch Ness 
i », another common form, Loch Ness 

side view, another specimen, with large eye, Loch Ness . 
to show slightly different beak, Loch Ness 


head, side, view, with head rounded, eye sub-central, 
Loch Ness . ‘ : : 


head, side view, with head rounded, eye near the top of the 
head, Loch Ness . : : : : 


. Male, side view, Loch Oich 


with posterior spine nearly obsolete, and showing 
shght bulge at base 


99 


8 another specimen with still shorter spine, Loch 
Oich 

os another specimen, without posterior gee Loch 
Oich : ; 


7 another specimen, without crest, cia spine 


nearly obsolete, Loch Oich 


Male, side view, Loch Achray . 


Post-abdomen, female, Loch Oich 


9 


99 


ai , Loch Ness 


. 52. Antennule, male, Loch Oich 


a Loch Achray 


* Figs 15 and 16 agree with var. obtusi/rons, G. O. Sars, 
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Fig. 24. Female (juv.), with vertex tooth, Forfar Loch 


Fig. 25. ,, side view, with bulge at base of posterior spine, Forfar 
Loch : 


Fig. 26. », Side view, also with bulge, but posterior spine very short, 
Forfar Loch : : ; : 


Fig. 27. Female, side view, with posterior spine obsolete, Forfar Loch 


Fig. 28. Male ad Forfar Loch 

Fig. 29. Female a common form, Loch Leven 

Mes S0; 5, 7 posterior spine nearly obsolete, Loch Leven 
Big ol. «3, % » » » 

Bigs 32. (juv.), with vertex tooth, Loch Leven 

Bigs 335 > 5 , without vertex tooth, Loch Leven 

Big. 34. 5, side view, adult, with vertex tooth, Loch Lomond 


Fig. 344. Bidentate vertex tooth of another specimen, Loch Lomond 
Fig. 35, Female, side view, a normal form, Loch Lomond 

Fig. 49. Post abdomen of female, Forfar Loch . 

Big, 51. , iy Loch Lomond 


Daphnia longispina, var. nasuta, G, O. Sars, 


Fig. 36. Female, side view, Loch Doon . 

Fig. 37. .; “ (another form), Loch Doon 
Vig. 38. Male Loch Doon . 

Fig. 89. ,, front view, Loch Doon, enlarged 


Fig. 50. Post-abdomen of female, Loch Doon 


Daphnia (?) longispina, var. aquilina, G. O. Sars, 
Fig. 40. Female, side view, Loch Arklet 
Fig. 45. Post-abdomen of female, Loch Arklet 


Xx 


x 


Fig. 45a. Post abdominal processes of another specimen, Loch Arklet, enlarged. 


Daphnia (?) longispina, var. (*). 
Fig. 41. Female, side view of a common form, Duddingston Loch 
Fig. 42. An _ without posterior spine, Duddingston Loch 


Fig. 43. Male = Duddingston Loch 


Fig. 44. Head of a scarcely mature female, Duddingston Loch 
Daphira lacustris, G. O. Sars. 


Fig. 28. Female, side view, acommon form, Forfar Loch ., : ; 
O 
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Fig. 444. Post-abdominal processes of the same specimen 
Fig. 46. Post-abdomen of female (fig. 41), Duddingston Loch 
Fig. 54. Antennule of the male, Duddingston Loch, enlarged 


Fig. 55. Ceriodaphnia quadrangula, side view, Forfar Loch 
Fig. 56. Camptocercus rectirostris, side view, Loch Doon 


Fig. 57. Post-abdomen of C. rectirostris, Loch Doon. 
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IV. REPORT ON THE OPERATIONS AT DUNBAR MARINE 
BATCHERY DURING THE SPRING, SEASON 1898. By 
Haraup C. Dannevic. Puate VIII. 


During the spring season of 1898 the hatching of plaice was carried 
out on the same lines as in the previous years, and under much the same 
conditions. The collection of the spawning fishes was begun on February 
8th and continued till the middle of March, when 725 adult male and 
female plaice had been received. Having been procured from steam 
trawlers, the bulk of the fishes exhibited the same characteristic features as 
have been described in previous reports, and they were not all equally 
well suited for spawning purposes. While some succumbed to the 
injuries received during their capture and transport, others that were in 
a healthier condition soon began to produce eggs. 

The collection of impregnated eggs was carried out in the spawning 
pond from the middle of February to May 7th, when altogether 
21,510,000 had been collected and transferred to the hatching boxes, 
Of this number 19,200,000 were successfully hatched, while the rest, or 
10°7 per ceut., died during the process. The daily progress of the 
hatching work, and the records of the temperature of the air and of the 
water in the pond and in the harbour, will be seen from Table I. 


TaBLE 1.—SHOWING THE DAILY PROGRESS OF THE HatcHING WorRK AND 
THE TEMPERATURE OF THE AIR AND THE WATER IN THE 
HARBOUR AND IN THE SPAWNING POND. 


Number Number | Tempera- {| Tempera- 

D ine of Kggs Marae of Eggs |ture a the|ture of the Temper 
ATE. of Eggs A of Fry a Giese eagle Pond of the Air 

collected) 10 stars | publouty| ae wee it are oO ae at Noon. 

boxes. the boxes. Noon. Noon. 

Seca rire F. C. F. 

Feb. 15th. | 50,000 i: x. | 50,000 | 6°7 |} 44°0 |6°6| 48°9 | 12°7 | 54°8 
re hoch. a, oe ahs ee | 50,000 | 5°9 | 42°6 | 6°3| 43:3 eg Eien C7) 
wae lth. (0:000 Bs yO Lae L20;000; Far 2) 44 Worn 47, a Ace 
ay Sth. aa hehe pret 120,000 | 5:2} 41:4 | 5-2) 41:4 Selene 
» 19th. | 80,000 xe oa | 200,000 | 5:1 | 41°2 | 5:2) 41:4 5:0 | 41:0 
‘a 20th a aa oe 200,000 | 51 | 41-2 | 5:1] 41-2 O:Oul 32°0 
ete LS: 80,000 sel ae 280,000 | 5:0} 41:0 | 5°1} 41:2 DrAn | aGce 
bse eraale ls 4: oe TERE Doce 280,000 | 5:1 | 41°2 |5°0} 41°0 acy 40-1 
Ee eards ul. O05000 a sa 330,000 | 4:8; 40°6 | 4:9] 40°8 2 al 3079 
» 24th. | 90,000} 20,000 i, 400,000 | 5:0} 41:0 | 4°8| 40°6 3°6 | 39°4 
» , 20th. | 80,000 a oh 480,000 | 5°3| 41°5 | 4:9] 40°8 ea lhe 7, 
sp 2th. -/110,000 te Hs, 590,000! 5:1) 41:2 | 5:1) 41:2 4°1 | 39°4 
» 2th. | 100,000 va age 690,000 | 5°4.| 41°7 | 5:3} 41°5 O:30) 43-5 
March lst. | 130,000} 40,000 F. 780,000 | 5:1 | 41°2 | 5:2] 41°4 6:8.) 44-2) 
os 2nd. | 140,000 a ss 920,000 | 4°9| 40°8 | 4°8| 40°6 3°0 | 37°4 
he 3rd. | 100,000 xa oa 1,020,000 | 4:8 | 40°6 | 4°8| 40°6 EB Ia) BGs) 
Ke 4th. | 160,000 He: nt 1,180,000 | 4°5| 40°71 | 4:6] 40°3 Ale 40°35 
P 5th. | 200,000 i eS. 1,380,000 | 4°6 | 40°3 | 4°6| 40°3 a yale ed 
re 6th. | 150,000 | 80,000 x, 1,450,000 | 4°5 | 40°1 | 4°4] 39°9 IA || Qs 
Rs 7th. | 180,000 ce ae 1,630,000 | 4°8 | 40°6 | 4:5] 40°1 4°7 | 40°5 
a 8th. | 200,000 oe sty, 1,830,000 | 4°7 | 40°5 | 4°7| 40°5 Api 40°) 
a 9th. | 140,000 ve mY. 1,970,000 | 4°8 | 40°6 | 4°7} 40°5 BS a ays) 
», 10th. | 160,000 | 70,000 Wr 2,060,000 | 5:0 | 41°0 | 4°8| 40°6 T7 | 459 
po Lith. | 210,000 se a 2,270,000 | 5:0 | 41°0 | 5:2) 41°4 8:9 | 48:0 
» 12th. | 240,000 oe ry 2-510,000)) 5°6) | 42:0) 5°45) 407 V3 1) 52:3 
» 138th. | 220,000} 90,000 26h 2,640,000 | 5°7 | 42:0 | 5°6| 42°0 7:2| 45:0 
», 14th. | 260,000 a as, 2,900,000 | 5°7 | 42°0 |5°6| 42:0 9°7 | 49°5 
» 15th. | 280,000 ae ra 351805000 a3. Alea 5:4 a7 ed | AB 
» 16th. | 270,000 | 75,000 me 3,019,000) 5:4.) 41-7 | 5:5 1) 41-9 Soft 47-9 
»  L7th. | 290,000 As as 5°6 | 42:0 | 5°6| 42:0} 10°0 | 50°0 
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TABLE he OR oenioel 


Number | Number | Tempera- | Tempera- 
‘3 Number | "5 ¢ Eggs Number  “G¢ Eggs | ture ee else a the | Lemperature 
ATE. of Eggs asada of Fry | ae GRO il Dandest of the Air 
collected Ge. 11] pub Outa) end Leet ui ae al ore at Noon. 
boxes. | P * the boxes. Noon. Noon. 
OSE 2 PE: C. F. 0... |) ae 
March 18th. | 330,000 Be | 3,995,000 | 6°3.| 43°3 |6°2| 43:2 | -I3°9 | 576 
», 19th. | 320,000} 50,000 | 4,265,000 | 6°7 | 44°0 |6°7| 44:0 | 12°8 | 550 
55. 20th S40 000s ae | 4,605,000 | 6°3 | 43°3 | 6°6 | 43°9 58 | 42°4 
, 2st. | 400,000 oes A 5,005,000 | 6:1 | 43:0 | 6:2 | 43:2 6°7 | 44:0 
», 22nd. | 500,000 “a Aas 5,505,000 | 6:1 | 43:0 | 6:0 | 42°8 70 | 44°6 ' 
» 28rd. | 600,000 | 120,000 ee 5,985,000 6°3; 43°3 | 6:2 | 43:2 96 | 49°3° 
», 24th. | 860,000 BS a 6,845,000 | 6°3 | 43°3 |6°3| 43:3 54 | 40-7 
57, ous | FOOL0007 - ee, 5 7,545,000 | 6:1 | 43:1 | 5:8 | 42°4 3°8 | 38°8 
», 26th. | 600,000 |} 60,000 ae 8,085,000 | 5°5| 41°9 | 5:8 | 42:4 aoe epee 
» 27th. | 680,000 at z. 8,765,000 | 5:1 | 42°2 | 5°5 | 41°9 3°6 | 38 
» 28th. | 800,000 | 170,000 at: 9,395,000 | 5°0| 41°0 | 5°4| 41-7 3°6 | 38°5 
,, 29th. | 800,000}... .. {10,195,000 | 5:4| 41°7 |5-2| 41:4] 4-4 | 39-9 
», 980th. | 700,000 he 10,895,000 | 5°9 | 42°6 | 5:5). 41°9 5:4 | Aye 
5,  odlst. | 760,000 | 220,000 iM 11,435,000 | 6°6 | 43°9 | 6°6 | 43:9 72 | 450 
April Ist. | 880,000 iy 800,000 |11,515,000 | 6°6 | 43°9 | 6°5 | 43°7 8:0 | 46°4 
- 2nd. | 700,000 ve a5 12,215,000 | 5°7 | 42°2 |5°6| 42-0 92) 486 
is 3rd. | 600,000 | 240,000 nat 12,575,000 | 5°8 | 42°4 | 5-7 | 42:2 8:1 | 46°6 
c 4th. | 630,000 ae ons 13,205,000.|.5°5 | 41°9.| 5:7 | 422 6:1 | 43:0 
iy 5th. | 500,000 wt a 13,705,000 | 5°6 | 42:0 | 5°5| 41°9 8°0 | 46°4 
uf 6th. | 600,000 | 180,000 Bis 114,125,000 | 5°9| 42°6 |5°5| 41-9) 11°9 | 53-4 
6 7th. | 440,000 | 90,000 ies 14,475,000 | 6°3.| 43°3 |6°3 | 43°37) 12-9 |=bo2 
ee Sth. | 450,000 a, ee 14,925,000;|.6°3 |, 43°3 |6°3 | 43°33) Saloon 
i Sth. | 460,000 ae a 15,385,000 | 6°5.| 43°7 | 6°6| 43°9 | 13°1 | 55°6 
», 10th. | 400,000 | 200,000 Eye 15,585,000 | 7°4| 45°3 | 6°8| 44:2 | 14:1 | 57°4 
» 11th. | 320,000 ee) Leh 15,905,000 ) 7°2| 45°0 | 6°8|) 44:2 | 12°71 | 53°8 
y, 12th. | 280,000} 60,000 |1,400,000 |14,725,000 | 7:1) 44°38 |6°9) 44-4 | 10°7 | 51:2 
», 13th. | 300,000 One i; 15,025,000 | 6°7| 44°0 |6°9| 44°4 | 10°7 | 51:2 
», 14th. | 350,000} 90,000 sD 15,285,000 | 66 | 43°9 | 6:9 | 44:4 8:2 | 46°8 
,, 15th. | 300,000 ...  |2,900,000 |12,685,000 | 6°5 | 43°7 | 6°7| 44:0 82 | 46°8 
», 16th. | 250,000 es ne 12,935,000 | 6°8 | 44°2 |6°8| 44:2 | 10°0) 50:0 
oy Peat os ti 80,000 oe 12,855,000 | 6°9 | 44°4 | 7°0| 44°6 | 11°9 | 53°4 
» 18th. | 230,000 aN oe 13,085,000 | 7°71) 44°8 | 7:0) 44°6 8°2| 46°8 
pe Gh, Ae 120,000 ie 12,965,000 | 6°4| 43°5 | 6:1 | 43-0 9-4 | 48°9 
55) 20th. +1/310,000 a oe 13,275,000 | 6°4| 485 | 6:9) 44°4 7:9 | 46:2 
oe Si2ist, +6 a. ahs 13,275,000 | 6°7 | 44°0 |6°6| 43°9 9:9 | 49°8 
a ee 22nd. BY 80,000 2,700,000 |10,495,000 | 7:1} 44°38 |7°0) 44°6 7:9 | 46:2 
»  2erd. | 330,000 oa re 10,825,000 | 7:1 | 44°8 | 7:0| 44°6 74.) 45:3 
2 PAth: nf, ta Ft} 10,825,000 | 7°4| 45°3 | 7:1] 44°8 8:1 | 46°6 
», 25th. | 180,000} 50,000 a 10,955,000 | 7°5 | 45°5 | 7°7| 45°9 79 |. 46:2 
ert) 26thy 13 ... [2,200,000 | 8,755,000 | 7°71 | 44°8 | 7°4| 45°3 76 | 45°7 
a Zi ths is17O;000 a 8,925,000 | 7°3} 45°1 | 7:1 | 44°8 83 | 46:9 
ne) 28th el bid As 8,925,000 | 7:0} 44:6 | 7:1} 44°8 7:7 | 45:9 
gu e2Gthe it 30,000 |3,400,000 | 5,495,000 | 7°0| 44°6 | 7°0| 44°6 7°8 | 46:0 
», 80th. | 200,000 es ek 5,695,000 | 7°2| 45°8 | 71 | 44:8 9:3 | 48°7 
May lst. CPA ae Ads 5,695,000 | 7-1] 44°8 |7°2| 45°8 | 12°7 | 54°9 
tsa oe Oracle a ae i 5,695,000 | 7°5 | 45°5 | 7'4] 45:3 8:8 | 47°8 
ee) Orde bt 40,000 im, 5,655,000 | 7°6| 45°7 | 7°6| 45°7 | 10°0 | 50°0 
sO Ath: be ... [2,200,000 | 3,455,000 | 7°8 | 46°0 | 7°7| 45°9 | 10°4 | 50°7 
{) eS blat wv am ae 3,455,000 | 7°8 | 46:0 | 7°8| 46:0 9°8 | 49°8 
ao Obie Peli Ms a 3,455,000 | 7°8 | 46:0 | 7°7| 45:9 9°3 | 48°7 
» wth. | 200,000} 25,000 ie 3,630,000 | 8°3 | 46°9 | 8:1} 46°6 | 11°8 | 53-2 
jx > Sth: ix we fae 3,630,000 | 8:3] 46°9 | 8°2| 46°8 | 14°7 | 58°5 
so SOA: be oh a 3,630,000 | 8-9 | 48-0 | 8°7| 47°7 | 10:1 | 50:2 
yee LOGhe Ses ae 1,300,000 | 2,330,000 | ... ie ay 3 ee see 
wet ld phy Ae “aA gh 2,330,000 | ... a ee | 
hth: ee ie. by 2,330,000 * 
o eased Ce .. | 700,000 | 1,630,000 = 
a1 athe fd See ud 1,630,000 . 2 
J) lbtht Bi Sod eh Rae 1,630,000 |... ae ah . 
35.) 16th? ASAE | LRBOROOO UE Pane 1,600,000... ue se 
Rare Wp cil; JaraE ON Se 900,000 700,000 | ... i ire | 
Pre ksiclre ae is ie 700,000 |... te nigh 
Segthi MN |e C 0 700,000 |e intn, «eos | 
5) 1 20thi Li i ie 700,000 ix f 
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In last year’s Report it was stated that an experiment had been begun 
in Loch Fyne in order to find out what practical results may be obtained 
in a confined area by the planting of a limited number of artinciaily- 
hatched fry of plaice. During 1898 the experiment was continued, and 
all the fry produced in the hatchery were placed in the loch, on this 
occasion in the upper part, to the north-east of Strachur. While it may 
be considered to some extent an open question what particular locality 
of a tidal loch, such as Loch Fyne, is the most suitable for the distribu- 
tion of fry at the different stages of the tide, some cases are less difficult 
to decide than others. When the tide is full there seems little doubt 
that the fry should be planted as far up in the loch as possible, in order 
that they may not tend to be carried out by the ebb. But there appear 
to be strong reasons why the fry should always be planted near the 
head of the loch. The tidal currents are of course strongest at the 
entrance, through which all the water passes and repasses which causes 
the rise and fall of the level of the whole loch; and from the same 
reason these horizontal currents are of least strength at the head of the 
loch, where the tidal movement of the water is more a simple rise and 
fall. It was principally for this reason that the fry in 1898 were 
distributed near the head of Loch Fyne, which was also the most con- 
venient locality, as the transport was effected by means of the ordinary 
mail service to Inveraray. The salinity of the water in that part of the 
loch is often much reduced, especially during heavy rainfalls ; but this 
fresh water, which accumulates in a layer on the surface, is drifted to 
and fro by the wind in the loch, and it does not as a rule remain 
stationary for any long time in the upper loch. The depth of this fresh- 
water layer is usually not very great, so that in 1898 water of sufficient 
salinity always existed some feet below the surface. The fry were 
sometimes distributed through an indiarubber tube at various depths, 
once or twice at as much as twenty feet down, where a sufficient salinity 
was found, while the surface water was quite brackish. 


TaBLE IJ.—SuHowmnc THE LOGALITY AND THE PuHysicat CoNDITIONS 
WHERE THE FRY WERE DISTRIBUTED. 


Temperature] Sp. gravity 
of the Waterjof the Water State Number 
Date. Locality. into which | into which of of Fry 
the Fry the Fry were| the Tide. Planted. 
| were planted.) planted. 
Noa eae Sree CNS A NIRS al Nate 8 na 2! IDES NP OM tS LS ae 
CG: F, 
April Ist, | Off Inveraray, in 
the middle of 
the loch, 7°8 | 46 1026°8 4h. ebb 800,000 
OMOEA i's, %, 56 | 42 10220 | Ih. ebo | 1,400,000 | 
,, 15th, P . 9°5 | 49 1024°5 3h. flood 2,900,000 | 
5 pee ao MOE Be ted | 5h. ebb | 2,700,000 | 
,, 26th, is ¥ Ih. flood | 2,200,000 | 
», 29th, | Two miles above 
St. Catherine’s, | 9°5 | 49 1025°8 5h. flood 3,400,000 
May 4th, | Off Inveraray, in | 
the middle of | | 
the loch, 9:9 | 49°8 1023°8 lh. flood 2,200,000 
a 10th; a8 5 10°3 | 50°5 1023°0 2h. ebb 1,300,000 
var tert: . x 98) 496] 10250 | H.W. 700,000 
oa eth ie 5 NOege Sil 2 1024°6 5h. ebb 900,000 | 
55 2th; an 2 TLS} 52°7 1023°0 lh. flood 700,000 | 


| 
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During the five years in which the hatchery has been in operation, a 
total of 119,595,000 of plaice fry have been produced, together with 
16,895,000 of various other species. The plaice, as will be seen, has 
principally been dealt with, and although the number turned out is a fair 
one for the size and capacity of the present establishment, it would 
undoubtedly have been greatly increased if the anticipated local con- 
veniences could have been utilised in due course. As was explained in 
the Board’s Report for last year, the Dunbar authorities withdrew their 
grant for the use of some important sea-creeks adjoining the hatchery, 
and the work has therefore had to be carried out under somewhat difficult 
conditions. But, as the Board has lately selected a site, and partly 
already erected a new station, at the Bay of Nigg, near Aberdeen, the 
desired facilities may soon be obtained, and the hatching operations 
carried on on a larger scale than hitherto. 

Sufficient time has not yet elapsed to allow of any conclusions being 
drawn from the Loch Fyne experiments. 

The utility of sea-fish hatching, or the possibility of doing anything 
artificially to increase the stock of food fishes within limited areas, has in 
certain quarters been recently called in question on general grounds. It 
is a problem, however, which can only be solved by systematic experiment 
and trial, and it requires time, and also that the operations should be 
conducted on a sufficiently extensive scale. 

The results of the hatching of cod in Norway are very encouraging. 
The hatchery at Flodevig was established with the view of improving the 
inshore fishery in the south of Norway, and its operations have hitherto 
been confined to that area—to the fjords east of the Naze. It is there- 
fore wrong to suppose, as has been done, that its work would have effect 
along the whole Norwegian coast, and a considerable part of which, in 
fact, is further away from the hatchery than the Scottish Hast Coast is. 
But there is distinct evidence of its influence in raising the stock of cod 
in the waters in which, or near which, the fry have been distributed. 
This is shown by the statistics of the Society for the Promotion of the 
Fisheries in the Christiania Fjord, within Drobak, which have been 
published in their Reports. * 

The records extend over a period of twenty-seven years—from 1872 to 
1898 inclusive—and the figures referring to the quantity of cod brought 
to the market from this district in the various years are given below. 
Fry of cod from the hatchery were distributed in the fjord for the first 
time in 1892, and the operation has been continued since. The returns 
for 1893, when results could first be looked for, have been grouped 
together with those for the following years, thus forming one group of 
six years. For comparison the returns for the previous years have also 
been combined into similar groups, but the three years 1872-1874 have 
been added to the first group, which thus represents nine years. 


The average catch of cod for the period 1872-1880 was 80,147. 


Do. do. 1881-1886 - 69,862. 
Do. do. 1887-1892 - 40,834, 
Do. do. 1893-1898 - 67,323. 


The decline in the fishery from 1872 to 1892 was very great—in fact, ~ 
it was reduced to about one-half of what it was. But the increase in the 
tollowing period, when fry were being distributed in the fjord, is also 
remarkable, and it is reasonable to assume that this increase was due in 
large measure to the distribution of the fry. 


* Beretning fra Selskabet til Fremme af Fiskerierne i Christiania=fjorden inden for 
Drobak, Christiania. 
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A closer examination of the records for the last period is of interest in 
comparison with the number of fry yearly planted :— 


1892, 1893. 1894, 1895, 1896. 1897. 1898. 


Number of codlanded,) 44,018 50,322 65,212 65,753 70,414 70,898 81,337 


Number of fry dis- 


tributed, . . 10 millions) 20 millions Nil. 12 millions/18 millions/20 millions Not 
», known. 
Yearly increase, 5 6,309 14,819 514 4,461 484 10,489 


—— 


Thus the decline in the annual catch during the period 1872-1892 
amounted to 39,313 cod ; the total number of fry planted from which 
results might be looked for during the period 1893-1890 was 80,000,000, 
and the total increase in the fishery during the same six years was 
37,324 cod. The increase during the last six years is not far short of 
the decline during the previous twenty-one years. 

It is stated in the Reports of the Society that the increase was princi- 
pally among the young fishes—not yet matured ; and as two of these are 
often counted for one owing to their smaller size, the actual increase was 
greater than shown by the figures of the statistics. In Plate I. is given 
a graphic illustration of the progress of the cod-fishery in the Christiania 
Fjord during the past twenty-seven years, as shown in the Table, and I 
think the Tables as well as this illustration can best be left to speak for 
themselves. The red line extending between the years 1892 to 1898 
represents the progress of the fishery during that period. Its average is 


67,323, while it rises gradually from 44,013 in 1892 to 81,337 cod in 
1898. 
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V.—ON THE MIGRATORY MOVEMENTS AND RATE OF 
GROWTH OF THE GREY OR COMMON GURNARD. By 
T. Wemyss Futon, M.D., F.R.S.E., Scientific Superintendent. 


CON TEN Ts: 
1. Introduction, . : : : ; ; ‘ ; 210. 
2. The Migratory Movements, ; 210. 
3. The Relation between the Migrations and the Temperature of the W ater, 216. 
4. The Relation of the Migratory Movement to Reproduction, : . 222. 
5. The Rate of Growth, . : é ; : . , ; 228. 
INTRODUCTION. 


Among the fishes caught by the “Garland” there appears to be none 
whose migratory movements are more marked and definite than the 
common gurnard ; nor is there any in which this migratory movement can 
be more distinctly correlated with the seasonal changes in the temperature 
of the sea water, and with the instinct of propagation, than in this fish. 
The circumstance that the common gurnard approaches the inshore grounds 
at the spawning time and leaves them in great numbers late in autumn 
was pointed out in 1892 ;* and subsequent investigation has shown that this 
movement is one of great regularity, and is associated with other phenomena 
of interest. The facts set forth in the following pages are based on a study 
of the catches of gurnards made by the “Garland” during the past ten 
years ; but the more detailed and systematic part deals principally with the 
garnards caught in what may be termed the Firth of Forth area, which 
includes not only the Firth itself and the estuary, but also the open sea 
to a distance of twelve or fourteen miles east of the Isle of May. Some 
hauls were also taken at a bank T twenty-two miles east by south of the 
Isle of May. In this area the occurrence of gurnards at each station has 
been studied in relation to (1) their appearance and numbers in the various 
months of the year; (2) their sizes in relation to maturity and age; (3) the 
temperature of the sea water in the various months at the different 
stations ; (4) the spawning period. The number of gurnards dealt with 
in this area is over 10,000, and the period comprises ten years. The 
gurnards caught in the other areas where the ‘‘ Garland” has carried on 
trawling work—viz., the Moray Firth, the Firth of Clyde and Loch Fyne, 
St. Andrews Bay, Aberdeen Bay, Montrose Bay, and Lunan Bay—over 
14,500 in number, have also been dealt with; and some of these areas, 
and especially the Clyde and the Moray Firth, have furnished important 
data in connection with the conclusions reached for the Firth of Forth. 


The Migratory Movements. 


In considering the migratory movement, we shall first of all deal with 
the gurnards as a whole, irrespective of their grouping into sizes or of the 
slight variations that occur in different years. For this purpose the 
collective data referring to each particular month in all the years have 


* Fulton: ‘‘Observations on the Reproduction, Maturity, and Sexual Relations of the 
Food Fishes.” Tenth Annual Report lishery Board for Scotland, Part IIL., p. 235. 

+ Liston Bank, so named from the experienced trawler who has had charge of the actual 
trawling operations on the ‘‘ Garland” from the first. 
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been combined, so as to give the mean for each month in the period. In 
the Forth area gurnards are almost entirely absent from November to 
April. In January of the various years only one was captured in the 
Firth of Forth, viz., a specimen of four inches taken at Station V. (west 
of the Isle of May), in a depth of between 20 and 30 fathoms, on 
21st January 1891. It was, as we shall see, no doubt an individual 
which had for some reason or other remained behind when the shoals left 
the Forth in the previous autumn. One other specimen was taken on 19th 
January 1893 in the open sea at ‘Liston Bank” in twenty-four fathoms of 
water (see Fig. 1). It was five inches in length; and we shall find that in 
the winter months small gurnards are to be found in the deep offshore 
waters in the Clyde and Moray Firths. The number of hauls made in 
the Januaries of the various years in the Forth area, including “ Liston 
Bank,” was 55. In February only three gurnards were taken in 71 hauls, 
and all of them were caught outside the limits of the Firth of Forth, viz., 
at Stations VIII. aud IX., where the water varies from 20 to 32 fathoms 
in depth (Fig. 1). One at Station IX., on 19th February 1891, was 10 inches 
in length ; the other two, taken at Station VIII. on 18th February 1896, 
were each twelve inches in length. In March, in which month 52 hauls 
were made, the number of gurnards captured was 15; with one exception 
they were all taken at stations either outside the Firth or just at its mouth. 
Thus, on 19th and 21st March 1891, one 12 inches and one 13 inches 
were caught at Stations V. and VI. respectively ; on 14th March 1894 
one 14 inches long was taken at Station VIII.; and on 29th and 30th 
March in the same year other eleven were caught at Stations V., VI., and 
VII. at the mouth of the Forth, of which three were 14 inches in length, 
one 12 inches, three 10 inches, one 9 inches, and the others 6 and 7 
inches, The exception referred to was a small specimen, four inches long, 
which was captured on 13th March 1891 at Station IJ. (far up the 
Forth), and had probably remained in the Firth from the autumn. 

Thus there is at the end of March an indication of the movement of 
the gurnards into the Firth. In April this movement is found to be in 
full progress, The number captured in this month in 63 hauls amounted 
to 700, or an average of 11 gurnards per haul of the net. They are now 
found at every station in the Firth of Forth, throughout the waters of 
which they have become well distributed. At Station Il. (off West 
Wemyss, Fife) they are more abundant than at any other station, except 
Station VII. (which runs parallel to the coast from the Bass Rock west- 
wards). At the innermost stations, near Inchkeith (I.-IIL) and in 
Aberlady Bay, they are rather more numerous than at the stations outside 
the Firth (VIII. and IX.). The average number caught in each haul in 
April at the inner group of stations (1.-[V.) was 9°9; at the outer group 
(VIII.-IX.) it was 7°8; and at the three stations at the mouth of the 
Firth (V., VI., VII.) it was 15°5. They were thus most abundant at 
the mouth of the Forth in this month. How much further they extend 
up the Forth is not shown, since no gurnards were ever caught at the 
special station above the Forth Bridge (Station X.). The sizes of the 
April gurnards will be dealt with later; here it is sufficient to say that 
the great majority were adults. The migratory movement of the gurnard 
from the opeu sea into the inshore waters goes on actively during April, 
and reaches its height in May. In this month the number of gurnards 
captured in the area was 2789, in 63 hauls of the net, or an average of 
44°2 gurnards per haul. They were most numerous at the three Stations 
at the mouth of the Firth (V., VI., VII.), where 1189 were caught, the 
average per haul being 51°7. At the inner group of Stations (1.-LV.) 
they were also abundant, the average per haul being 46°7. The total 


212 Part IIT.—Seventeenth Annual Report 


*Bell Rock 


Liston 
Bank 


) $s 10 z0 
Geographical Miles 


{0 20 
English Miles 


Fic. 1, Showing the various Trawling Stations in the Firth of Forth area. 


number caught was 1260. At the outer stations the average was only 
26°1, much higher than in the previous month, but much less than within 
the limits of the Firth in the same month. At Station VIL., on the south 
side, near the Bass Rock, the average in May is 100 gurnards per haul, 
compared with 22°4 at Station V., west of the Isle of May, and 29°9 at 
Station VI., on the north side, off the coast of Fife. At Station III., 
east of Inchkeith, the average is 59°9; at Station II., in the north bay, 
it is 49°3 ; at Station I. it is 41°7 ; and at Station IV., in the south bay, 
it is 33°4. The lowest average of all is at Station IX., in the open sea, 
furthest from the Firth, where it is oniy 14‘5. These data show that the 
shoals of gurnards begin to move into the Firth from the deeper waters 
of the open sea in March ; this movement is continued and is much more 
marked in April, and is intensified in May, when they are found in great 
numbers all over the Firth, but are most numerous just within its mouth. 

In June we find the numbers of the gurnards have considerably 
diminished. With 71 hauls of the net 2142 were captured, or an aver- 
age of 30°2 gurnards per haul. In this month they are most abundant at 
the inner stations, the average for Stations I.-IV. being 35:1, compared 
with 29'1 at Stations V.-VI., and 22°9 at the outer stations, VIII.-IX. 
They are most numerous at Station I1., in the north bay, where the aver- 
age is 43 ; at Station I. itis also high, viz. 41. They are least abundant 
at Station V. (18°6) and at Station IX. (11:4). In July the diminution 
in the abundance of the gurnards continues. The number caught in 51 
hauls of the net was 1225, an average of 24 per haul for the whole area. 
They are now least numerous at the inner stations, where the average per 
haul is 17:1, or less than half of what it was in the previous month. They 
are more abundant at the three stations at the mouth of the Firth (V., VI, 
VII.), where the average is 28°5, or only a little under the previous 
month ; and they are most abundant at the outer stations, VIII. and IX., 


a 
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in the open sea, where the average has risen to 34°1, which is the maxi- 
mum for this part of the area forthe year. The highest average is at 
Station VIII. (45°6), and the lowest at Station III. (13°7). The 
average at Station VI. is also high, viz. 40°5. In August and Septem- 
ber the decrease in the abundance of gurnards in the area continues, but 
the rate of diminution is not so marked asin June and July. ‘Thus, 
while there was a drop in the average from May to June of 12, and a 
drop of 6:2 from June to July, the drop from July to August was only 
2°4, and from August to September almost the same, viz. 2°7. In 
August 1534 gurnards were caught in 71 hauls, or an average of 21°6 per 
haul. The same relative abundance at different parts of the area is 
exhibited as in July. The average number taken in each haul of the net 


-at the four inner stations is 18°4; at the three stations at the mouth of 


the Firth the average is 23:2, and at the outer stations in the open sea it 
is 26°7. In September 1306 gurnards were caught in 69 hauls, the 
average being 18°9. In this month the average at the four inner and 
the two outer stations is nearly the same—namely, 20°6 at the former 
and 21:5 at the latter; at the intermediate three stations the average 
sank to 14°8. Thus at the inner stations a rise took place in August 
and September, the reason for which we shall see when we come to deal 
with the gurnards according to their sizes. The highest average for the 
month is at Station II. (252), the next highest are at Station IV. (24°9) 
and at Station IX., in the open sea, where it is 24°5, 

In October a very marked change occurs. The number of gurnards 
captured in 66 hauls of the net was 552, the average per haul being 8-4. 
The averages at the inner stations in this month are higher than at the 
intermediate or outer station—viz., 10°6, compared with 7°9 at the three 
stations at the mouth of the Firth and 4:9 at the two stations in the open 
sea. The highest average was at Station II. (18:1), and the lowest at 
the shallow-water Station IV. (4°6), which is first affected by the falling 
temperature. The average at Station IX. was practically the same, 4°7. 
In November the gurnards have almost disappeared from the area. Only 
65 were captured in 58 hauls, or an average of 1:1 per haul. They were 
very scarce in the inner parts of the Firth and at the mouth, the averages 
being 0°7 and 0°6 ‘respectively ; at the outer stations they were more 
numerous, the average per haul being 3:2; the average at the outermost 
Station (IX.) was 3°8. In December only 11 gurnards were taken in 
59 hauls, an average of less than 0°2 per haul; four of them were captured 
at the four inner stations, three at the three intermediate stations, and 
four at the two outer stations. The averages at each station for each 
month throughout the ten years are given in the following Table :— 


[ TABLE. 
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TABLE I. 

Stations. ; Totals. 
Months. , Sr ae hs 

Beas Woah “|e enya iy pv eevee evan | Ware aie: Ce Avge. 

January, .| ... a be ay | Osa ae bs be ats 1 | 0:02 
February, ave a ee Nhe a oa 0:25 "| 0-12 3} 0:04 
Mareh,: 17. £5 OD ee: bs 06 0:6.) 5057 IP Oa) Oe 15 | 0°29 
April, : 75 | 14°9 9-1 CG lO 6°77 0807 10076 a5s6 (007 iat 
May, . | ALT} 49°3 | 59°9 | 33:4 | 22:4 | 29°9 | 1001 | 36:1 | 14°35 | 2,789) 44-2 
June, - | 41°0 | 48°0 | 33°D%| 22°7 | 18°6 | 32°09 | 35°9 | 34:4 | 11-4 2,142 | 30:2 
July, «| OBS), WAT AS 7 | 2B 6 210 AOS hres Gel eee 1,225 | 24:0 
August, .| 14°1 | 16-0 | 28-1 | 18-9 | 28-7 | 23-2 | 18-8 | 27-4 | 25°8| 1,534 | 21-6 
september, | 19°4.) 25:2.) 19°5 )024-9"| She 1 N70 ae Oe? 2455 1,306 | 18°9 
October, .] 83/181] 116) 46) 60/113) 67] 50] 47| 552] B84 
November, 0°5 1:8 0°5 | 0-4 | 0°2 ita 0°5 2°6 3°8 65 Die 
December, Ogle 3: O° | 4.3. OD. ie Osan ree. 03) 03 1d) rz 


The averages for the three groups of stations, inner, outer, and inter- 
mediate, for each month of the ten years are represented in Table II. 


TABLE Il. 

Months. ee Sea: One Se 

ra Ve WT sae 
January, —- 0:07 —- 
February, . = so 0-19 
March, 0:05 0:6 0-2 
April, a0 1 RSS5) 7°8 
May, 46°7 51:7 26:1 
June, 35°] Zl 22°9 
July, jefe 28°5 34°1 
August, 18:4 23°2 26°7 
September, 20°6 14°8 21:5 
October, 10°6 139 4°9 
November, 0:7 0°6 a2 
December, 0:15 0°19 0°3 


Before proceeding to consider the migratory movemeuts of the gurnard, 
as revealed by these data, in connection with the changes in the tempera- 
ture of the sea and the period of spawning, it may be desirable to 
compare the general results with those in other areas, and especially in 
the Firth of Clyde and the Moray Firth. In St. Andrews Bay, where 
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more than 6500 curnards were caught during the ten years, the changes 
in the relative abundance in the various months are of the same general 
character as in the Forth area, but there are some differences of interest. 
The averages for each month are as follows :— 


January. February. March. April. May. June. 
0° 0:05 Os) 10°4 86°7 83°6 
July. August. September. October. November. December. 
18:1 30°7 24°4 10°3 8°8 t2 

We see here that the averages are comparable with those in the Forth. 
The rise in May is relatively and absolutely far greater, and the average 
for June is also very high, and not much under that for May. There is 
also a rise in August and September, as at the inner group of stations of 
the Firth of Forth. Moreover, the averages in November and December 
are somewhat higher. Those procured in March—fifteen in number— 
were, with one exception, all obtained in 1890 in the hauls made at the 
end of the month, when the temperature at most of the stations was very 
slightly higher; and they were got at the south and eastern parts of 
the bay (nearest the open sea), none being procured at the innermust 
Station IV., which runs round the bay in from 54 to 7 fathoms. In 
April, May, and June the same general distribution was shown, the 
gurnards being most abundant at Stations 1, IL, and V. In July and 
August they were, on the contrary, most numerous at Station IV., and in 
September and October the numbers at this station nearly equalled or 
exceeded the numbers at Stations I. or V. Much the same changes in 
the relative abundance of the gurnards occur at the stations at Montrose 
and Aberdeen Bays, where, however, the hauls were much fewer in 
number. 

In the Moray Firth no hauls were made in January, February, March, 
or December, and only one in April, principally for the reason so often 
referred to, namely-—the small size of the “‘ Garland,” most of the stations 
lying at a considerable distance from the coast. ut there are data 
referring to all the other months of the year, and those for the inner 
stations near the coast (I.-VI.) show much the same relative changes as 
in the Firth of Forth and St. Andrews Bay. The number of gurnards 
caught was over 5000. The averages for the various months are as 
follows :— 


May. June. July. August. September, October, November, 
21°9 21-1 13:3 21:1 11°4 14°7 Ley 


The highest average is thus seen to be in May; that for June is not 
much lower; there is a fallin July and a rise in August, just as at the 
inner parts of the Firth of Forth and in St. Andrews Bay; and the 
average for November is very small, showing that the gurnards leave the 
inshore waters of the Moray Firth towards the end of the year. At 
the outer stations (VII.-XVI.), some of which are far from the coast and 
in deep water, the relative abundance in the various months is different. 
The averages are as follows :— 


May. June. July. August. October. November. 
21:0 19-2 23°1 373 39°4 29°6 


Thus in May and June gurnards appear to be fairly equally distributed 
throughout the Moray Firth generally, both at the offshore and the inshore 
stations, although slightly more numerous at the latter. In July they 
begin to leave the inner parts of the Firth and become more abundant in 
the offshore waters, and especially at the intermediate stations, This 
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outward movement is indicated by the high averages for October and 
November—the average for October being the highest for any of the 
months and double the average for June. At Smith Bank gurnards 
appear to be numerous in May and June, much less abundant in July 
and August, and very abundant in October and November, when the 
averages are 40 and 37 respectively. Only 20 hauls, however, were made 
at Smith Bank in these months. 

In the Firth of Clyde, in which over 3000 gurnards were caught by 
the ‘ Garland,” the abundance of this fish in the various months is much 
the same as in the Moray Firth. Excluding those caught in Loch Fyne, 
which fall into a different category, the averages for the different months 
are as follows :— 


January. February. March. April. May. June. 
13°6 0-0 26°5 22°2 18°6 ace 
July. August. September. October. November. December. 
10°6 63°6 11°8 27°0 19:0 d1‘l 


No hauls were made in June, and only two in February. The most 
striking feature of difference between these figures for the Clyde and 
those for the Firth of Forth area and St. Andrews Bay is the compara- 
tively high averages for January, March, October, November, and December. 
It is clear that the gurnards do not leave the Clyde area in the winter as 
they do in the other inshore areas mentioned. With the exception of 
two or three stations, near shore and in comparatively shallow water, 
gurnards were present in all the hauls in January and December. They 
were present at all stations except one in November, and at all except 
one in October. But in these months and in March by far the greatest 
numbers were got at the outer stations, in deep water, to the west of 
Ailsa Craig (VIII.-IX.), and off Rhuad Point, Cantire (VI.). The 
temperature of the bottom water at these stations in December and Janu- 
ary is nearly the same as it is in the Firth of Forth in June and July. 

In the upper parts of Loch Fyne gurnards are not present in abundance, 
but they were found there in all the months when hauls were made—viz., 
March, April, May, August, October, November, and December. The 
numbers caught in the 39 hauls were small, but the averages may be 
given, as follows :— 


March. April. May. August. October, November. December. 
0°6 3°7 2:2 8-4 14:0 3°6 3°5 


The remark regarding temperature applies also here, viz., that the 
bottom water in Loch Fyne at the stations where the gurnards were caught 
is as warm in December as the bottom water in the Forth is in July. 


Tut RELATION BETWEEN THE TEMPERATURE OF THE WATER AND THE 
Micratory MovrEMENTs. 


Turning now to the question of the temperature of the water in the 
Firth of Forth area in the various months of the year, it will be found 
that a very definite relationship exists between the changes in the tem- 
perature and the migratory movements of the gurnards. The mean 
temperature of the surface and bottom water in each month of the ten 
years, at all the stations where the gurnards were captured, has been 
calculated in the Fahrenheit scale as follows, from over 1200 observa- 
tions :-— 
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TABLE III. 
| 


January, February. March. April. May. June. 


Surf. | Bot. | Surf. | Bot. | Surf. | Bot. ‘ed Bot. | Surf. | Bot. | Surf. | Bot. 
| 
| 


| 41°6 | 42-2 40°6 | 40°6 | 40:2 | 40°0 | 43°1 | 42:2 | 47°2 | 45°6 | 51:9 | 47°6 


July. August. September. | October. November. | December. 


Surf. | Bot. | Surf. | Bot. | Surf. | Bot. | Surf. | Bot. | Surf. | Bot.’| Surf. | Bot. 


54°6 | 50°8 | 55:2 | 538°5 | 54:2 | 53°3 | 51:0 | 51°4 | 47:3 | 48:1 14-0 44°8 


These means refer to the whole of the Firth of Forth area—that is to 
say, to all the stations combined. ‘The means for the ten years at each 
of the stations are given in Table [V.:— 


| Taser. 
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TABLE IV. 
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Reference to these Tables shows that the mean minimum temperature 
of the surface and bottom water is in March, and the mean maximum 


In February and early in September the 


It is, how- 


ture of the water at the bottom that 
ch the gurnard not infrequently leaves 


as we shall. see, during the night, it is typically a 


‘e, for althou 


erature of the surface and bottom water is the same. 
chiefly concern us here 
the bottom, especially, 


erature of both in August. 
ever, the changes in the tempera 
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bottom or ground fish. The lowest temperature of the bottom water 
occurs about the middle of March, usually a little before the middle, and 
in the latter part of the month the rise begins, which continues to increase 
until about the middle of the following August ; thereafter it declines 
until the next March. ‘The maximum and minimum temperatures may 
vary by a week or two in different years. We see from the Tables that 
the mean rise in April is 2:2 deg. F, above the temperature in March, 
and in May there is an additional rise of 3:4 deg. F. 

Now it appears to be just at the time when the temperature of the 
bottom water begins to rise that the gurnards first make their appearance 
in the Firth of Forth area. They have been waiting, as it were, in the 
open sea offshore until this sign of the new season reaches them, and then 
they begin to move inwards. And the temperature at which the inward 
migration begins seems to be fairly definite. In Table I. it is shown that 
only three gurnards were captured in February, and fifteen in March. 
The particulars in regard to these are of interest, and are represented in 
the accompanying Table :— 


Tempera- | Difference 
Date. | Station. Gurnards. ee ee roy ncaa 
| ottom | Tempera- 
| Water. ture. 
| No. Size in inches. 
Heb- 2 leth, 1896}, VIII. | 2 ea ie 43 + 1:7° 
Pee wou Sole xX |e 10 42°3 + 07° 
Manch 13th, 18910.) 11. 1 4 40°6 + 0°3° 
Peat O Gas Oibs |e = Vo: 1 12 40°6 + 11° 
eo ost, L8OL. WE I 13 40°6 + 0°6° 
Ot OOOs |) xe 1 13 | 42°0 + 1:8° 
4th VSO0s) Va. I 144; 420 + 0:2° 
ee athe Lega) VERT SI 14 40°6 + 0°6° 
tet othe POo4 i Vleet) 46. 10. 14. 14 41°2 + 1:3° 
oe oUt, Soa VE 2 12, 14 41:2 + 1:2° 
ee eoObMn ood! vive 3 IO, LO 12 41-0 + 15° 


In all cases it will be seen that the temperature of the bottom water at 
the stations where gurnards were captured in February and March was 
above the mean for these months at these stations (vide Table IV.). In 
St. Andrews Bay all the gurnards taken in March, fourteen in number, 
were obtained in 1890. In that year two series of hauls were made at 
the stations there: one series on the 3rd, 4th, and 5th, when the bottom 
temperature varied at different stations from 40°5 deg. F. to 41°3 deg. F., 
and exhibited a mean for the area of 40°9deg. F. Both the mean temperature 
and the station temperatures were higher than in March of any other year, 
and one gurnard, 16 inches in length, was caught at Station II., where the 
temperature was 40°80 deg. F. The second series of hauls was made on 
March 26th, 27th, and 28th, when the mean temperature was 42:2 deg. 
F., and the individual temperatures at the various stations ranged from 
42-1 deg. F. to 42°3 deg. F. Thirteen gurnards were caught, as follows :— 


lie if IIT. DV. V. 
No. 5 4 1 0 3 
Size (inches), 16,16,14,14,11 15,15,13,13 7 a 133,134,134 
Temperature. 42°1° 42°2° 42°12 42°3° 42-1° 


When these facts are considered with those relating to the Firth of 
Forth it appears that no gurnards are caught in these areas when the 


temperature of the bottom water is below 40°5 deg. F. It is not until 
P 
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the temperature has risen about 0°5 deg. F. above the minimum mean 
temperature that the gurnards begin to make their appearance at the 
outer stations. 

An examination of the details for each station at which gurnards were 
caught in March shows that as a general rule they were caught in 
years when the bottom temperature was highest, and that when the 
bottom temperature was lowest no gurnards were obtained. 

In April, as we have already seen, gurnards were caught at all stations, 
the general average per haul being 11:1. The mean bottom temperature 
in this month is 42°2 deg. F., or 2:2 deg. F. above the mean for March. 
An examination of the temperatures at each station in each year shows 
the operation of the general law, most of the gurnards being caught when 
the temperature was highest, and few or none when it was lowest. This 
applies without exception to the inner and intermediate groups of 
stations, except that in 1890, when the temperature was highest, no 
gurnards were caught at Station I. or Station V. 

The migrating gurnards move into the Forth with considerable rapidity, 
and it is possible that this movement takes place chiefly at night. At all 
events, by far the most gurnards are got on the bottom in daylight. 
Thus, in a number of hauls which were made by night and by day at the 
same stations in the Firth of Clyde, at intervals of usually a few days 
between the day and night hauls, the proportion of gurnards captured 
was very different. In 20 hauls in daylight 513 gurnards were caught, 
an average of 26, and no haul was blank ; 20 hauls at night caught 95 
gurnards, an average of 5, and thirteen hauls were blank. 

In May, when the bottom mean temperature is increased by 3:4 deg. 
F. over the mean of April, the abundance of gurnards is greatest (Table 
I.) ; but from this period, although the temperature of the water goes on 
increasing until it reaches its maximum in August, the number of 
gurnards diminishes. It is noteworthy, however, that in August, and in 
some places in September, there is again an increase in their numbers. 
The reason of this will be indicated later. It occurs in the inner parts 
of the Firth of Forth, in St. Andrews Bay, the Moray Firth, and the 
Firth of Clyde. About the middle of August—in some years a little 
earlier, and in some years a little later—the temperature of the bottom 
water in the Firth of Forth and St. Andrews Bay, and in the inshore 
waters on the East Coast generally, begins to decline. The fall is at first 
very gradual, so that the temperature for September is not very much 
below the temperature for August, but in October the fall is very marked, 
amounting to about 2 deg. F. under that for September. It is at this 
time that the gurnards begin to leave the inshore waters for the open sea. 
Just as their inshore migration in spring is associated with the initiation 
of the rise in temperature, so is their offshore migration associated with 
the fall in the temperature. At first, in September, their numbers are 
not greatly diminished, but in October the exodus is marked, and the 
mean temperature is about 2 deg. F. below that of the previous month. 
In November, when the temperature has sunk about 5'‘5 deg. F. below the 
maximum, comparatively few gurnards remain. In December, a few still 
linger in the inshore waters, with the mean temperature nearly 9 deg. F. 
below the maximum. In January, when the mean temperature is about 
11 deg. F. below the maximum, they may be regarded as absent from the 
Firth of Forth and St. Andrew’s Bay. Only one small specimen was 
caught in the Firth of Forth (see p. 211); another was got at Liston 
Bank in the open sea, 22 miles east from the Isle of May. 

The close connection between the changes in the temperature in the 
Firth of Forth area and the abundance and migratory movements of the 
gurnards is shown in the adjoining diagram (Fig. 2), which also shows the 
spawning period (see p, 222). | 


NI 
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The temperature changes are practically similar in St. Andrews Bay, 
but they differ in the outer parts of the Moray Firth and in the Clyde, 
although the observations in these areas are neither so numerous nor so 
extensive. At the inshore stations in the Moray Firth (1.-VI.) the 
changes in the abundance of gurnards in the various months resemble 
those occuring in the inner parts of the Firth of Forth, except that in 
October they are more abundant in the northern waters. When the 
temperature observations are calculated, it is found that they agree fairly 
well with this result. The means for the various months in which 
observations were taken and hauls made at these stations are as follows :— 

May. June. July. August. September. October. November. 

48°1° 50°5° §2°3° 54°2° 52°8° 52°3° 47°6° 
The corresponding temperatures for the Firth of Forth stations are given 
in Tables III. and IV., and it will be seen that the temperature in 
October is about 1 deg. F. less. At the outer offshore stations in the 
Moray Firth the temperature observations are not so complete, but they 
show that the bottom water in October and especially in November is 
still warmer, and this is related to the greater abundance of gurnards in 
these months. (See p. 215). The mean temperatures are as follows :— 

May. June. July. August. October. | November. 

45'5 deg. 47°7 deg. 50:2 deg. 52°1 deg. 52°6 deg. 49°4 deg. 
There are unfortunately uo records for January, February, March, April, 
and December. 

Similarly, the presence of gurnards in the Clyde area in January and 
December, and their abundance in October and November, are explained 
by reference to the higher temperature of the bottom water in that area. 
The observations in the Clyde are not very numerous, but they show that 
in January the temperature at the deeper stations where the gurnards 
were chiefly caught ranges from 47 deg. F. to over 48 deg. F., or about 
5 deg. or 6 deg. higher than in the Firth of Forth, where the same 
bottom temperature exists in the latter part of June. In March, at the 
Clyde stations, the bottom temperature is about 3 deg. hiyher than in the 
Firth of Forth; in October, at the outer stations, it is about 1 deg. higher; 
in November it is about 2°5 deg. higher, and in December the difference 
may amount to over 6 deg. F., the temperature corresponding then to the 
bottom temperature in the Firth of Forth at the end of July. 


The Relation of the Migratory Movement to Reproduction. 


The gurnard begins to spawn in April, and the spawning period extends 
until the latter part of August, in some cases into September. Spawning 
reaches its height in the early part of June, when the percentage of ripe 
fish is greatest. The curve, based on the percentage of ripe fish among 
those examined, is shown in the diagram (Fig. 2). The period over which 
spawning occurs is therefore extensive, more prolonged indeed than in 
most sea fishes.* Another feature in the reproduction of the gurnard, first 
established by the in?estigations of the “Garland,” is that the spawning 
fish frequent the inshore waters, and shed their eggs there, within the 
Firth of Forth, as well as in the waters a little further off. In this 
respect the gurnard differs from most other fishes, and especially round- 
fishes. Most other adult fishes, such as the cod, haddock, plaice, lemon 
sole, &c., leave the shallower inshore waters at the spawning period, and 
shed their eggs offshore. The gurnard, on the other hand, approaches 

* Fulton—‘‘The Spawning and Spawning Places of Marine Food Fishes.” Highth 


Annual Report Fishery Board for Scotland, Part III., p. 257. Tenth Annual Report, 
Part III., p. 232. 
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closer to the coast at spawning time in this area, and it appears to be the 
only fish whose eggs are pelagic that does so. It resembles the herring in this 
particular. The other fishes with pelagic eggs which spawn in the inshore 
waters on the Hast Coast, as well as in the offshore waters, are the common 
dab, the long rough dab, the flounder, and the sprat. In the case of the 
flounder there is distinct evidence of a movement at the spawning time into 
deeper water than the usual habitat of this fish. In the case of the dabs 
there does not appear to be any marked movement of the kind. The migra- 
tion of the gurnard in April and May from the open sea towards the shores 
is therefore primarily connected with reproduction ; but that it is not 
solely connected with reproduction is shown by the fact tlat great num- 
bers of small immature fish, which do not develop eggs in the same 
season, follow the larger mature gurnards in May. A study of the com- 
ponents of the migrating shoals makes these points clear ; and for this 
purpose the sizes of all the gurnards have been tabulated. 


The size at which the gurnard reaches maturity is about nine inches, 
sometimes a little less.* The great majority under nine inches may be 
regarded as immature, and the great majority above nine inches as mature, 
Ail under eight inches may be considered immature, and all over 10 inches, 
at the spawning period, may be looked upon as mature spawning fish. It 
has already been stated that the gurnards caught in the Forth area in 
February and March, when the inshore migratory movement commences, 
were of large size (Table, p. 219). Only one was under 10 inches—viz., 
one of the four caught at Station VIL. at the end of March 1894, which was 
only six inches long. Of the fourteen obtained in St. Andrews Bay in 
March, only one was under eleven inches—viz., seven inches. With these 
two exceptions, the March gurnards, the pioneers of the migrating shoals, 
were all spawners. The numbers caught in March were small. Of the 
fourteen caught in the Forth area, ten, or 71°4 per cent., were twelve 
inches or more in length, and thirteen, or 93 per cent., over ten inches. 
Of fourteen caught in March in St. Andrews Bay, thirteen, or 93 per 
cent., were twelve inches or more in length. Of the 545 caught in April, 
whose sizes were measured,t 412, or 75°6 per cent., were over nine 
inches in length; 359, or 65:9 per cent., were over ten inches; and 171, or 
31°3 per cent., were over 12 inches in length. The gurnards under nine 
inches, the great majority of which were no doubt immature, numbered 133, 
or 24:4 per cent. ; those under eight inches numbered only 53, or 9°7 per 
cent, Only two gurnards at five inches were caught in April (0°3 per cent.), 
and none smaller, 


We therefore see that in April, while the great majority of the migrating 
gurnards are adults, moving to the inshore waters to spawn, immature 
forms begin to accompany or follow them. All the gurnards ¢aught 
from four inches to seventeen inches have been tabulated for each month, 
according to their length, into groups differing from each other by 
intervals of an inch, and curves constructed, which need not be reproduced 
here. They show that in April the largest number caught were ten inches. 
in length, then came those of twelve inches, very nearly as numerous ; 
the next most numerous were those at eight inches, and then those 
at six inches. In the next month this feature became strongly 
marked, the majority of the gurnards caught in May being under nine 
inches in length. Instead of 31°3 per cent. being twelve inches or over, 


* Fulton, Highth Annual Report, Part IIL, p. 161. Tenth Annual Report, Part IIL., 
p. 240. Holt, Journal Marine Biological Association, Vol. I., p. 218. Royal Dublin 
Society, Report of Council, 1891, p. 275. 


+ The fish were first measnred in 1888. 
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there are now only 10:2 per cent. of that size. Those over ten inches 
have sunk from 65:9 to 29°6 per cent.; 58°8 per cent. are under nine 
inches, and 41:2 per cent. are over nine inches; 36°6 per cent. are under 
eight inches instead of 9°7 per cent. as in April. And now we find also 
the very small gurnards, between three and five inches, figuring as an 
important component of the shoals, of which they form 8:1 per cent. 
Gurnards at eight inches were by far the most common in May (576) ; 
the next most abundant were at six inches (438), and then seven inches 
(303), and nine inches (300), ten inches (285), and eleven inches (220) ; 
153 measured five inches, and sixty-one four inches. 

In June the young gurnards continue to augument in numbers. Those 
measuring nine inches or over, the adults, form only 39°5 per cent. of the 
shoals, while those under nine inches have increased to 60°5 per cent. — 
Tk: larger forms, at or over twelve inches, have sunk to 7°8 per cent., and 
those at or over ten inches to 22°2 per cent. On the other hand, 
gurnards under eight inches in length Lave increased to 43°3 per cent. of 
the totals; but the very small ones, between three and five inches in 
length, have slightly diminished, and form now 4:1 per cent. of the shoals. 
Thus it would be erroneous to assume that the inshore migration of the 
gurnard is solely in connexion with reproduction, for in June, the month 
in which spawning chiefly takes place, the shoals are composed for the most 
part of immature forms. The proportion of those under nine inches is the 
highest for the year ; the proportion of those under eight inches is only 
exceeded slightly in July and in September. The most common size of 
the gurnards in June was seven inches; of these 448 were caught. The 
next most common sizes were eight and nine inches. 

In July the total, or average per shot, continues to diminish (Table 1I)., 
but the adult gurnards are rather more numerous; and this increase in the 
proportion of adult (and probably spawning) gurnards becomes much 
more pronounced in August. The proportion of adults—those over nine 
inches—in July rises to 41°4 per cent., an increase of 2 per cent. ; but the 
increase of the larger forms is more marked, those over ten inches rising 
to 30°3 per cent., an increase of 8, and those over twelve inches rising to 
14:4 per cent., or very nearly double the proportion in June. The 
gurnards under nine inches form 58°6 per cent., those under eight inches 
45°3 per cent., and those between four and five inches show a great 
increase to 21'2 percent. The feature of the month is the increase in 
the abundance of very small gurnards and of the larger adults, and a 
diminuticn of the medium-sized, from seven to ten inches in length. 
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Fig. 3.—Showing the proportions of adult and immature gurnards, of various sizes, in 
the different months. Line I., over nine inches in length ; Il., at or over ten inches ; 
IIl., at or over twelve inches ; IV. ., under nine inches ; Ve under eight inches ; VI., under 
five inches, 
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In August, as has been said, the increase in the larger adults is still 
more pronounced. ‘Thus the percentage of those at or over 12 inches in 
length rises to 25°6, more than three times what it was in June ; the pro- 
portion of those at or over ten inches rises to 42°1 per cent., nearly double 
what it was in June; those over nine inches form 56 per cent. of the shoals, 
those under nine inches amount to 44 per cent., and those under eight 
inches to 28°9 per cent. The feature of the month is the increased 
abundance of the larger adults. In September, the proportion between 
the adults and the immature reverts to what it was in June, the percentage 
of those over nine inches in length being 39°8, and of those under nine 
inches 60:2. The proportion of large adults is still, however, high— 
viz., 19°5 per cent., those over ten inches amounting to 35°1 per cent. 
The special feature is an increase in the numbers of small gurnards, those 
under eight inches amounting to 48°6 per cent., the highest of the year, 
and it is chiefly caused by an increase in those at four and five 
inches, the percentage of which rises to 29°7. In October the percentage 
of the adults and immature is exactly equal. The proportion of 
large adults is still higher, and the special feature is the diminution 
in the numbers of the smaller gurnards under five inches, which is 
also marked in November, when the proportion of adults and of large 
adults rises to approach what it was at the beginging of the inshore 
migration. Thus the adults appear to remain longest in the inshore 
waters ; they come first and leave last. The immature forms come in 
later and leave sooner. ‘The proportions of the different sizes in the 
various months are given in Table V. :— 


TaBLeE V. 

5 Inches Under | Under {| 9 Inches | 10 Inches | 12 Inches 

and under.| 8 Inches. | 9 Inches. | and over, | and over. | and over. 

sao Fee St Ee ae, at ee paste Cag oe ee hs |B) eee ee 
Marchyae ier (2 eer tgl 92:9 92-9 714 
April, 3 é 0°3 9°7 24:4 756 65:9 313 
May, . ; | 8:1 36:6 ~{| 588 41:2 29°6. "Tene 
June, . : ; | 4-1 43°3 60°5 39.5 22°2 78 
July, ‘ 3 | 21:2 45°3 58°6 41 +4 | 30°3 14-4 
August, . 2 fe aOs3 28°9 44:0 56:0 | 42:1 25°6 
September, : | 29°7 48°6 60:2 39°38) | 851 19°5 
October, . «| 137 40:7 | 50-0 500 | 434 26-8 
| November, . 15-9 31-7 | 33-7 663 539 27-0 


Two points may be specially considered in connection with the above 
facts, first, the increase in the number of adults in autumn, and second, 
the migrat‘on of the immature gurnards into the inshore waters, 

With regard to the former, it appears probable that towards the end of 
July new shoals of spawning adults make their way into the inshore 
waters. The relative increase in the numbers of these large gurnards is 
also an absolute increase; that is to say, the average per haul of the trawl 
is higher, as well as the percentage proportion. Thus the average per 
haul of those at or over nine inches, ten inches, and twelve inches in the 
various months is as follows :— 
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cai se ; 
9 Inches. | 10 Inches. | 12 Inches. | 


April, 76 6°8 Se 
May, - Nes: 12°4 4°3 | 
June, : : 13-9 7-8 | 9.7 
July, 5 f : “ Lied 8:0 | ae: | 
August, - : : - Rea) Wee Osa 6°] | 
September, : - : 8:1 | Tal 4:0 | 
October. - : : : 4°3 | a4 2°3 
November, : - - 08 | 0°7 0°3 


It will be observed that in August the number of those at or over nine 
inches in length approaches the number in May and June, and that the 
increase is chiefly in the larger sizes. The average per haul of those at 
or over 12 inches is the highest of the year. It will also be noticed that 
the absolute numbers of the larger sizes, as well as their ratio to the 
other components of the shoals, increase somewhat in July. We possess 
at present very little definite information as to the duration of spawning 
in the individual fishes of any species; but it is known from the condition 
of the ovaries and the comparatively small proportion of eggs that become 
matured at the same time that the period in many cases for all the eggs 
to be shed is considerable. This is especially so in fishes which produce 
pelagic eggs, and it is a marked feature in the reproduction of the 
gurnard.* It is no doubt partly for this reason that the spawning period 
of the gurnard as a species is so prolonged; but it is unlikely that the 
gurnards which begin to spawn in April and May continue spawning in 
July and August. The spawning fishes at the latter part of the period 
more probably do not begin to spawn until the season is well advanced, 
and this opinion is supported by a study of the proportions of ripe gur- 
nards in different.months. In the diagram (Fig. 2) it will be seen that 
the downward slope of the curve from June is interrupted in July and 
August, so that it is prolonged into September, and this agrees with the 
curves representing the proportion of adults at the same time. In all 
cases, whether the average per haul or the percentage is considered, there 
is seen to be a rise in the numbers of the larger adults in July and 
especially in August; and this increase is common to the other areas— 
viz., St. Andrews Bay, the Moray Firth, and the Firth of Clyde. More- 
over, it is found on analysis of the data referring to the different stations 
in the Firth of Forth area that in July there is a rise from June at the 
outer stations (VIII.-IX.), and a fall there from July to August and 
September. At the inner stations (I.-IV.) there is, on the other hand, a 
rise from July to September, which might be accounted for on the suppo- 
sition that spawning adults had then moved inwards. 

The migration of the immature gurnards is obviously due to some other 
cause than reproduction, and may be owing to more abundant food supply, 
the shoaling instinct, or simply to the increasing temperature of the 
inshore waters. It seems reasonable to suppose that the movement of the 
adult gurnards to the inshore grounds at the spawning time would be 
followed by the smaller gurnards also moving inwards, provided the 
supply of food was at least equally abundant. The average numbers 
caught per haul of the net in the various months are as follows :— 


_*The Comparative Fecundity of Sea Fishes. MWinth Annual Report Fishery Board for 
Scotland, Part III., p. 250. 
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9 Inches | Under 5 Inches | 
and under. 8 Inches. | and under. | 
Avprily one= : : : 2°5 | 1:0 004 — 
May, . ; : Wel Sr eee P54! | 3-450 4 
June, 2 : : SUSE eee eye hae 14 
July, L : : : 15°5 fps 320) 5°6 
| August,  - : : : 10°6 70 2°5 
| September, : : : 12°2 | 59 6:0 | 
| October, - : : : 4°3 30 12s 
| November, : : : 0-4 0:4 | 0:2 | 


| 
| 
| | 
| 


he food of the gurnard consists for the most part of crustacea, especi- 
ally Crangon, Pandalus, and Portunus, aud also to a considerable extent 
of other fishes ;* but whether the supply of food is more abundant on the 
inshore than the offshore grounds when the immature gurnards begin to 
come in, and forms a factor in inducing the migration, is not clear. It 
may be that the younger forms are specially susceptible to the changes in 
the temperature of the bottom water. It may be seen from Table IV. 
that from April to the end of September and October the mean tempera- 
ture of the bottom water is higher within the Firth than it is outside 
(VIIL-IX.), and the great bulk of the gurnards are always to be found 
in the warmest water. 


The Rate of Growth. 


Owing to the prolonged spawning period of the gurnard, the difficulty 
of determining the rate of growth from the collation of the measurements 
at different seasons is very great. It is clear that individuals hatched 
in April or May, and those hatched in August or September of the same 
year, will be of very different sizes in the spring of the following year. 
It is not only that the period of hatching is separated by an interval of 
four or five months; even more important is the circumstance that those 
which are hatched in the spring pass their post-larval and young stages in 
the warm water of the summer months when growth is most rapid, while 
those hatched at the end of August or the beginning of September meet 
at once with a falling temperature. It is well known that the growth of 
fishes during the winter months is very slight; and thus, for the 
two reasons indicated, the size of the young gurnards hatched in one 
season may show considerable range of size even early in the next 
season. There is a further cause of difficulty not always borne in mind— 
viz., that the sizes of the sexes differ—the females being usually somewhat 
larger, as in the gurnard ;f and there is little doubt that the rate of 
growth of the female is somewhat more rapid. The rate of growth of 
different individuals of the same sex also varies. It would therefore 
require a large series of minute and detailed measurements of both sexes 
to determine accurately the rate of growth. 

The very young gurnards are not, of course, caught in the ordinary 
trawl-net of the “Garland ” s most of them under five inches, and almost 
all at or under three inches, escape through the meshes. But the majority 
of these small forms are captured by the “shrimp” trawl-net, in which 


* W.R. Smith, Tenth Annual Report Fishery Board for Scotland, Part III. pp. 215-218. 
+ Tenth Annual Report, Part III., p. 239. 
t Twelfth Annual Report, Part ITl., p. 312, 
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the meshes are smaller, and larval and post-larval stages are taken in the 
tow-nets. The latter may be first dealt with. In August and September 
forms ranging up to 16 millimetres in length were taken in the Moray 
Firth ; and at the end of October one 12mm. long (= 4 an inch), was 
taken in the same area. 


| 


Date. | No. Size. | Locality. Net. 
August 8th, 1895. | 1 13mm. | Moray Firth, IX. Surface. 
cle Si) i eee rl rg 11mm. | mt GB E Midwater. 
; “a 2 | 13 and 15mni. | i XIV. Ff 

ae Ou SOG. alec od 5 and 10mm. | WAT Surface. 

’ ad 2 6nim, | Vi. Bottom. 

» A EY 1llmm. | va VI. Surface. 

i S 8 58mm. | a VIII Bottom. 

i| | 10mm. | bs a Surface. 

x 4 | 75-8'5mm. | t sr Bottom. 
_ 3 5-7nim. | IX. | 3 | 
3 COLD Ea, 5 5 5-10mm. ve X. | aa | 
», 29th, 1894. 1 16mm. Firth of Forth, IX. = | 

Sept. 21st, 1896. 1 4mm. Moray Firth, Il. Surface. 
9 on 4 10-1]1mm. a | 
Oct. 29th, 1894. 1 12mm. , off Burghead. (?) | 


Some of these were evidently recently hatched. The occurrence of a 
post-larval form of 12mm. so late as the 29th October is of interest. On 
the same date in another year (1891) a young gurnard of 29mm. (1Zin ) 
was procured in the bottom tow-net in Largo Bay, Firth of Forth. On 
2nd September 1892—nearly two months earlier-——a specimen of 32mm. 
(1} inch) and another of 42mm. (13 inch) were obtained in the bottom tow- 
net at Station VI in the Moray Firth, which clearly belong to the same 
season and are probably from three to four months old. By means of the 
shrimp-net young gurnards about the same size and very little larger were 
procured in November in the Clyde, viz.—under two inches and some 
between two and three inches, The gurnards caught by the shrimp-net on 
the bottom, under three inches in length, are as follows :——- 


‘|TABLE. 
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| | 


| 
| Date. | No. | Locality. | 
wer / 
| | 
1. Under two inches | ith: | 
(5lmm.) - - Noy. 26th, 1895. 1 a | 
Jan. 24th, 1899. 1 _ Station VIL., Firth of Clyde. _ 
2. Between two and 
three inches, -| April 22nd, 1896. 3 eeae = 


| May 4th, 1893. 1 (3in.) | Smith Bank, Moray Firth. 


PAG Ele, 7 ‘| Station XV., ‘ | 
Sept. Ist, 1896. 1 -|  ,, VIL, Firth of Clyde. | 
ean le 1 | BS he ¥; 
Oct, 14th. = 18 | ., A©WI., Moray Firth. 
et ee a a st] eee rvs 5 
See 22 are Wo Roo are . | 
< 2 mags " | 
Nov. 8th, 1892. | 4 (21-3) ., IIL.,St. Andrews Bay.| 
e > 1 (23) ue 33 ‘ 
|» 9th, 1897. 4 »,  IX., Moray Firth. 
| Jon Ets: 2 i! Pe 
| . 2 : -V., Kieth of Glyde 
| j, 2nd, 1895. | - 1 v., E: | 
| 25th, 2 VIL, 3 
ae tease lel 1 ce Ke 
| ., 26th, 1896. 4 »,  WII., Moray Firth. 
. 2 =i. Wie 2 
ier f 5 oy aS i 


It will be observed that no gurnards under three inches in length were 
caught between May and September, and that the greatest numbers were 
caught in October and November. The absence of these small gurnards 
is not due to no hauls having been made in the intervening months, 
Hauls with the shrimp-net were also made in June (10 in number), July 
(6), and August (11). The numbers caught in each month in which 
hauls with the shrimp-net were made are as follows :— 


Jan. April. May. June. July. Aug. Sept. Oct. Nov. 


No. of Hauls. ee 41 34 10 6 1 23 25 13 
No. of Gurnards 

under dinches, ... 1 3 8 0 0 0 2 30 24 
Average, ... xn UOB. 0:07 0:23 0:0 0:0 0:0. 0°09 13) a5 


One conclusion from these facts is clear—viz., that the gurnards under 
three inches in length caught in January, April, and May belong to the 
previous year’s spawning. The increased number caught in May is no 
doubt due to the participation of the young forms in the migratory move- 
ment at that time (see p. 224). The absence of a single specimen under 
this size in June, July, and August is probably largely owing to the 
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growth of the young gurnards hatched in the previous season to a greater 
size than three inches. It also appears probable that the gurnards from 
two to three inches in leneth caught in October and November belong in 
part at least to the same year’s spawning, so that those caught in 
October might be five or six months old. Those caught in January 
must be at least five months old, and those in May eight months old, but 
in these cases growth would be retarded by the low temperature in the 
winter months. In considering the sizes somewhat larger the difficulties 
previously alluded to became more evident, inasmuch as the gap 
separating the gurnards of different years begins to be bridged over. Still, 
it is noteworthy that in plotting out the curves of the various sizes for 
each month, the sizes are aggregated in various groups. Thus in April, 
there is a group at six inches, a group at eight inches, one at ten inches, 
and one at twelve inches. In May there are great groups at six inches, 
and, especially, eight inches, and at ten inches. In June the chief groups 
are at seven and nine inches. In July a group at five inches is prominent, 
then one, not so sharply pronounced, at 7—8 inches, and a group at ten 
inches. In August the group at five inches is sharply marked, there is a 
group 7-9 inches, and a pronounced group at twelve inches. In 
September there is a group 4—5 inches, and at eight inches, ten inches, and 
twelve inches. In October the chief group is at six inches. When the 
hauls for each individual month in each year are analysed in the same 
way they indicate a similar grouping. In April there is always a marked 
drop between six inches and eight inches, which is also shown in May, 
as well as a rise at ten and twelve inches. Individual hauls, in many 
cases where the numbers are fairly large, give evidence of a similar 
grouping. It would appear that the gurnards ranging about six inches 
in length in the spring of any year are from eighteen months to two 
years old, and that maturity is not reached until the third year, as in the 
case of most other sea fishes. 
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VIL—ON THE RATE OF GROWTH OF PLAICE. 
By Haraup C. Dannevie: 


(PuatE IX.) 


In connection with various researches that are being carried on at the 
present time it is a matter of some importance to be able to determine 
the approximate age of young flat-fishes at different times of the year. 
Records of observations conducted in their respective countries with 
regard to several species have been published by Dr. J. G. Joh. Petersen 
in Denmark, Mr. J. T. Cunningham in England, and several other 
investigators. But the rate of growth of flat-fishes has been found some- 
times to differ considerably in various parts of the North Sea and its 
branches, so that the information supplied from elsewhere might be at 
variance with the conditions in Scottish waters. In connection with 
experiments carried on at present with a view to test the utility of sea- 
fish hatching in this country it has become of much importance to be able, 
if possible, to distinguish between the fishes from the different years’ 
hatching ; or, in other words, to determine the age of the young plaice 
found on shallow beaches at the various seasons of the year. With this 
object in view it was deemed desirable to obtain further information 
regarding the conditions in this respect in Scottish waters, and in the 
following report an account is given of some observations that have been 
made at Duubar for this purpose. 

A very simple method by which information might he gathered 
regarding the growth of young fishes is to keep specimens in suitable 
tanks where observations of their growth can be made with ease and 
accuraty at regular intervals. This was also tried in this case ; but it was 
found that the results thus arrived at did not always correspond with 
what the case appeared to be in nature. And after all, there are many 
and strong reasons why fishes reared artificially from the size of a few 
inches might differ in the rate of growth from those living in the sea. 
Information gathered in the one case might only be of doubtful value in 
regard to the other, although useful for comparison. For this reason 
in particular, but partly also on account of the inconvenience con- 
nected with the maintenance of a constant circulation at the time of the 
year when the hatchery was not working, these experiments were dis- 
continued after the lapse of six months. Another method had in the 
meantime been adoptel—viz., to make observations at regular intervals 
on young plaice captured in the sea. The Tyningham sands were selected 
as a suitable locality for such observations, since they form the most 
important nursery for plaice in this district. These sands, which are 
situated about one mile to the west of Dunbar, are about two miles long 
and about half a mile broad between high and low water marks at spring 
tide. The distance from low-water mark to a depth of four and a half 
fathoms, where the stony nature of the bottom renders trawling impossible, 
is also about half a mile. The sands lie open to the north-east, and are fully 
exposed to the rough weather that is sometimes experienced from that 
quarter. A shrimp-trawl with a twelve-foot beam was used for the 
capture of the fish. It was generally towed by a small steam launch, but 
in a few cases by a fishing yawl. Examination of the sands was made at 
intervals from July 1896 till June 1897, and on each occasion hauls were 
made at low water in the various depths from one to four fathoms. It 
was thought that such trawling might also furnish information with 
regard to increase or decrease in the abundance of young plaice on the 


of the Fishery Board for Scotland. 233 


sands from year to year, and detailed records were taken of all the con- 
ditions likely to influence the quantity of fish captured on each occasion. 
The principal conditions in this respect were found to be (1) the state of 
the sea—whether smooth or rough on the day of trawling and during the 
preceding days ; (2) the transparency of the water ; (3) the direction and 
strength of the wind ; and (4) the state of the atmosphere—whether bright 
sunshine or cloudy, foggy, and dull. Owing to the free north-easterly 
exposure, the prevailing northerly to easterly winds during the autumn 
and winter months cause the sea to be very rough on these sands for the 
greater part of that time; and in this kind of weather the whole locality 
was sometimes found to be almost deserted of fish. The effect of such 
disarrangement could be observed for a couple of days after the sea had 
subsided. But after a storm (or heavy rains) the transparency of the 
sea-water on this coast is always greatly reduced, and remains so for 
several (4 to 8) days afterwards if calm weather and neap tides happen 
to follow. Under these conditions the fiskes in the shallow water would 
not so readily observe the approach of the trawl in time to make their 
escape, and rich hauls were then always made. When the water was 
clear and calm, and the sun bright, a considerable number of fish could 
be seen gliding away from the boat and the trawl when working in the 
shallow water (from 6 to 15ft.), and very probably a certain number 
would also escape in this way when trawling was made at a greater 
depth. Another circumstance that influenced the quantity of fish 
captured was the speed of the boat, which was affected by the strength 
and direction of the wind. Owing to the frequent chances in these 
various conditions, and their strong influence on the number of fish 
captured, it would be necessary to examine sands thus situated at very 
frequent intervals and for a long period (years) before reliable statistics could 
be procured with regard to the changes in the actual abundance of fish there. 
But while the records of the trawling conducted during the one year 
cannot be used as a definite standard in this respect, they furnish some 
interesting results in regard to the main object in view; they show how 
the different sizes of plaice were found at various depths, according to the 
prevailing physical conditions and seasons of the year, but what is of 
still more importance—the fishes captured on each occasion were found 
to be separable into certain groups, representing the fishes hatched in the 
different years, 


| TABLE. 
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TABLE JI.—Suowine THE PuysicaL CoNDITIONS WHEN TRAWLING WAS 


MADE, THE PARTICULARS CONNECTED WITH, AND THE REsu“T oF EACH Haut. 
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In Table I. are recorded the prevailing physical conditions on each 
occasion when trawling was conducted, and also the particulars connected 
with, and the result of, each haul. Days with similar transparency of 
the water were selected as far as possible for the work, but owing to the 
exposure of the locality during the winter it was often necessary to take 
advantage of any opportunity that offered when the weather permitted of 
trawling in the shallow water. Jor some considerable intervals it was 
very risky to approach the shore in the boat, and the work had to be 
suspended for the time. 

It was observed to be a general rule that (1) if the water was clear and 
calm the smallest fishes (below 100 m.m.) were found in the shallow 
water above the 15ft. limit, while the larger sizes were captured 
principally at greater depths; (2) if the transparency of the water was 
low, and the sea smooth, the larger fishes were mixed amongst the small 
ones close inshore ; while (3) if there was any sea on, the smallest fishes 
were found in the deep water, and the larger ones were scattered all over 
at various depths. It may be mentioned, as a curious circumstance, that 
the youngest plaice were invariably found to be most abundant in the 
same depth of water as the common shrimp. As all the plaice captured 
on each date represent the sizes for that time, the results of the various 
hauls have been combined into one series, These series are represented 
in Table II., where also the detailed measurements, reduced to the nearest 
0 or 5 in millimetres, are given. 


[TaBLe. 
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RAGS eel le 
SHOWING THE NUMBER AND SIZES OF THE PLAICE CAPTURED ON EACH DATE 
AND AN INDICATION OF THE NATURAL GROUPS INTO WHICH THE 
FISHES RAE DIVIDED. 


Size in m.m. NUMBER AND DATE OF THE SERIES. 


reduced me 
to nearest hos. - hig 1 TEES Vera pvalea velar eVEOliL ey ated = nehen 
5or9. June 6June18\July 16/Aug. 31\Sep. 18)Oct. 5|Nov. 9|/Dec. 9|/Feb. 10jApr. 29 
20 B (ls Welle a eee eee: en Mees 8 
25 59 e a urs Si ua oe al 
30 GoM Ca oe esl Vee pe 3 ee ha 
35 SIS 8k hy cee le fem oat ee i < Ay; 13 
40 110 9 Boole Ack thse Wenge clean gl aera Nee 
45 74 92 25 i 5 ee i ee 13 
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From this Table it will be seen how the plaice captured at the various 
times of the year separate themselves into more or less distinct groups. 
The distinction is sometimes well marked, as for instance in Series III. 
(July 16th), where the size of the fishes in the first group begins at 20 
millimetres, and continues to 70mm. ; while the sizes in the second group 
begin at 100mm. A closer examination of each of these groups shows, 
first, a gradual increase in the number of the fishes for each 5 mm. of 
increase in length, and then a subsequent decline—a peculiarity justify- 
ing the conclusion that each of these groups represents the fish of different 
years. As was to be expected, the most distinct groups are those formed 
by the youngest fishes. Although the proportionate difference in rate of 
srowth in some cases might have been considerable, the fishes are still so 
young and small that the range in size could not be great. But natur- 
ally, since the variation in the rate of growth becomes more accentuated, 
the subsequent groups are more expanded, and in a few cases overlap 
each other. For this reason it has sometimes been difficult to distinguish 
these groups. In Table II. the various groups in each series have been 
separated by a double line (thus ), and although the correct position 
of these limits in some cases might be a little higher or lower, I think the 
places chosen are justified from the fluctuation in the numbers of the fish 
of the various sizes. But whether the few specimens that in each case 
approach the limits drawn are inciuded in the one group or the other, 
their influence upon the average size of each group is generally very 
small ; and in the following remarks the averages only will be considered. 
But, when estimating the value of the different averages, the number of 
fish from which each of them has been deduced must be taken into 
account, and in Table III. the number of fish in each group is given, 


TABLE IIL. 


SHOWING THE AVERAGE S1zZE IN MILLIMETRES AND THE ToTtaL NUMBER 
OF PLAICE CONTAINED IN EACH GROUP OF THE VARIOUS SERIES. 


Series I. Series IT. Series III. Series IV. Series V. 
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together with their average size. As the principal hatching time for 
plaice on this coast is April, and the young fishes after having passed the 
pelagic post-larval stage are found on the sands in June and July, the 
plaice that were captured in April (Series X.) must be one year old or 
more. The measurements show the average size of the youngest group of 
65 fishes to be 77-2mm., which therefore indicates the average growth of 
the plaice during the first year. The average size of the second group in 
Series X. is 156°Omm., and represent the two-years old fish. The differ- 
ence between these two averages is 78°8mm., and should indicate the 
second year’s growth. As there is no reason why the difference in size 
between the first and second, and between the second and third groups 
should not be the same the whole year round and respectively equal to 
the second and third year’s growth, a comparison of these groups will 
be of value, and may serve as a basis for calculating the growth-rate 
during the various years. 


TABLE IV. 


SHOWING THE RESULT OF COMPARISON BETWEEN A AND B, AND BETWEEN 
B anp C Groups. 


Order of the Series | | | Mean Yearly 
comparable, ~~ =| LER -f- -IVise re 5 We VI, | VEE |e Xe atperesae: 


t 
| ae 
| Difference in aver- | : 
| age size between 
A and B groups,| 77°74 | 794 | 78:2 69°0 | 94:3 | 78°8 | 79'5 mm. 


| 
nee Se 
| Difference in aver- | | 
age size between 
B and C groups, = 78°5 | DT (85:0) | ((66°5) | —... | 764mm. 


| 


In Table IV. such comparisons have been made, and they show first of 
all that, with the exception of Series VI. and VIL., the separation of the 
various groups— A, B, and C—must be nearly correct, and also the calcu- 
lated average size. The cause of the great irregularities in Series VI. and 
VII. will be seen from Table III. Thus, in Series VI. the value of the B 
group (135-0) is clearly too small, and so also is the A group in Series 
VII. But when the somewhat limited number of fish that were examined 
in some cases is taken into consideration, it is surprising that the calcula- 
tions relating to the two first groups should compare so well. Owing to 
the small numerical representation of the C group, less importance can be 
attached to the average values that have been deduced. There appears, 
however, so far as the data go, to be a recognisable decrease in growth- 
rate during the third year. The above deductions from these experiments 
may be summed up as follows :— 


1, The average growth of the plaice during its first year appears to be about 77'2mm. 


2: - ‘5 second 5 79‘5mm. 
3. . s third <A 76°4mm. 
4, The total average length at the end of the first year appears to be about 77‘'2mm. 
5. fs r second - 156°7mm. 
6. zs | 5 third = 233-Imm. 


So far as these observations go, it would appear that the average linear 
srowth-rate of the plaice is a little greater in the second than in the third 
year; and while from want of data it is not possible to prove anything 
regarding the following (older) groups, it is natural that a continuous 
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decrease in growth-rate should exist in all the groups until the fishes have 
become full grown. 

Another point of interest brought out by these experiments is the 
growth of the young plaice at the various seasons of the year. The 
average sizes in the A, B, and C groups in Table IIT. will also serve as a 
measure in this respect. Group A represents the first year’s growth, and 
a comparison of the average sizes in the various series shows the gradual 
growth from July till the following April. In the B group the growth 
during the second year can be followed ; and the C group shows the pro- 
gress during the third year at the various seasons. In all three groups it 
will be noticed that the increase in length is greatest between May and 
October, when it gradually diminishes and almost comes to a standstill 
during the cold part of the year, from November to March. At that time 
the growth rate begins to increase again till it reaches its height in the 
middle of the summer. 

In Plate I. is given a graphic illustration of the gradual growth of the 
plaice, during thirty-two months, from a size of 40°7 to 229°1 mm. when 
the fishes were about thirty-four months old. The black line (No. 1) 
combines the average sizes for the various dates, as shown in Tables IJ. 
and III.; and the three yearly groups—A, B, and C—have been con- 
nected in succession. The small irregularities in this line are caused by 
undue fluctuations in the averages calculated from the captured fishes, and 
have already been referred to, But the main curvature of the line is clearly 
indicated, and has been represented by the red line in the Plate, which is 
an approximate representation of the gradual growth of the plaice from 
month to month for almost three years; and it shows clearly the alternate 
increase and decrease in the growth-rate according to the season. 

The sum of the results of these observations may be said to be (1) 
that the plaice during the first year of its life may be separated with 
considerable accuracy from the previous year’s fish, (2) that distinction 
is also possible between the second and the third year’s fish, although the 
limits here are less marked, and (3) that the growth-rate of the plaice is 
greatest in the summer, increasing in the spring and decreasing in the 
autumn, while it is almost arrested during the winter. It rises and falls 
very much in correspondence with the temperature of the sea on the 
coast. 

The conclusions arrived at in the previous pages regarding the rate of 
growth of the plaice, particularly during the first and second years, are 
based upon the results of systematically conducted fishing. As the 
average sizes that have been quoted are deduced from the measurements 
of well-defined groups, there are strong reasons why my results, relating 
to the first two groups at any rate, ought to be fair'y correct represen- 
tations of the actual facts. But as these results vary considerably from 
those attained by Dr. Petersen regarding the growth-rate of the plaice in 
Danish waters, I have found it necessary to subject his records to a 
somewhat close examination. 

Dr. C. G. Joh. Petersen* has conducted some extensive researches 
in the Kattegat in connection with the plaice, and he has furnished 
valuable information as to the distribution of this fish and the minimum 
size at which it becomes mature in these waters. By examination of a 
large number of specimens Petersen has shown that the plaice in the 
Kattegat spawns at a comparatively small size. Petersen has estimated 
the average size of the mature plaice in the Baltic to be about 10 inches, 
in the Lesser Belt about 17 inches, and in the Kattegat 12-13 inches at 
least (p. 3). On the East Coast of Scotland the average size of the mature 


*Report of the Danish Biological Station IV., 1893, 
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female plaice appears to be 19—20 inches. These figures, however, are to a 
certain extent influenced by the amount of fishing, or rather over-fishing, 
that has taken place at the different places. He found males and 
females in a ripe condition about seven inches long, and as the minimum 
size at maturity may be considered a measure in regard to the size of the 
race it is concluded that the plaice living in these Danish waters belong 
to a smaller race than the one existing on the Scottish east coast, where Dr. 
Fulton has found the minimum size of the male at maturity to be 
about thirteen inches, and of the female about fifteen inches.* 

In a series of Tables Petersen has illustrated the results of a great 
number of hauls made with several kinds of gear in different localities 
and at various times of the year, and the several groups of plaice shown 
in the Tables have been marked by him according to the age he considered 
them to be. From this classification it will appear that the growth- 
rate of the plaice in these waters should be considerable. Petersen has, 
for instance, suggested that the smallest spawning fishes are in their 
second or in their third year (page 3). But if it is taken as proved that 
the plaice in the Kattegat belongs to a smaller race, then there is strong 
reason for believing that the growth-rate per year should also be less than 
on the Scottish east coast. In that case, however, the groups formed by 
the fishes captured by Petersen cannot always represent the natural 
annual series, but must be somewhat artificially produced combinations, 
and therefore misleading. . Petersen himself seems to have had a feeling 
of this kind in one case (page 17), when he suggests that the different 
ways in which the investigations were sometimes conducted might have 
had some influence in this respect. I think that this may be proved in 
several cases from his Tables. And not only the kind of gear will 
influence the size of fishes captured, but also the depth of water and the 
extent of bottom area examined at the various depths. Petersen’s ideal 
mode of illustrating the various annual groups appears to be (page 18) 
to capture, if possible, an equal number of each of them, thus getting 
rid of undue influence by the greater range of growth shown by the groups 
comprising the greatest number of fish. This method would certainly 
give an excellent result if it was known beforehand where the greater 
mass of each group was located. 

But as this is not and cannot be known with accuracy until the fishing 
has been conducted and the results examined, the choice of the fishing- 
places will mostly be a mere matter of guess. Petersen has generally 
investigated certain selected depths only, sometimes miles apart, and the 
grand total of a number of hauls made, nay even each individual haul, 
cannot claim to be a true representation of distinct annual series ; they 
may or may not be so; under normal conditions there is no reason why 
they ought to be. The correctness of this statement is evident from the 
following :-— 


[ TABLE, 


Tenth Annual Report Fishery Board for Scotland, Part II1., p. 239, A. 

* “Race” is not here meant to imply distinction between the Plaice in the Kattegat 
and on the Hast Coast of Scotland further than differences in growth rate, which may be 
due to more or less favourable conditions of growth only. 
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TaBLE V.—REPRODUCTION OF Dr. PETERSEN’S TABLE VY. 


ds 2. 3. 4, 5. 6. (ke 
4 miles 6 miles 
a re er te Off E.N.E. E.N.E. op 
| S| ass Pee an Pages Aalbeck, from from 2 
oh 1293. | 1893, | July 8th, | Aalbeck, | Aalbeck, 2 
oes lhoan 2.5 ; ; ; 1893. July 8th, | July 8th, 20 
Se on ian 2 1893. 1893. BS 
NS OS —————————————— ee 
inches. |§ ae Ee sai 
j DOS a a =. a a 
a eae| a* ae eee | E¢4 | 2ee ] SE 
ee tee Se rn demi ids fiscena aveaisne 
See ae ee seage loa fae Pee ae 
[SD Be Eos a2 S oa | 2aa ees <a 
4 oh ton o o o 
ia ey AY ~ je) op op MD A 
1 | . Peter- FE : 
= 8: 1 cons 1 4 1 
fen ee 7 7 
1 
4 9 0 9 ; 9 
# . ; 
2— : 4 4 
4} : ; 14 14 
4 25 2 23 as 80 
ae 2 70 72 144 
3— 126 1 121 91 213 
oa te 58 94 152 
4 | 89 2 32 81 | : 115 
# | 83 10 38 i 49 
4— 100 1 : 7 41 2 50 
1} 100 5 37 1 43 
4 | 83 4 43 2 45 
2 | 47 2 20 7 29 
5— 46 : 15 5 20 
4] 51 1 6 12 1 20 
4 | 50 : 3 6 1 10 
2 | 24 : 6 5 ; 11 
6— 24 . 5 i) 5 Lom 
} 8 é 2 ; 2 4 
4 | 15 2 5 7 4 
Sl (en B5) : 2 7 2 11 
i— 23 : : 6 12 18 
| 15 : 2 ila! 13 
pret o 2 5 fi 
e 8 : 3 3 6 
8— 4 3 z 2 4 
red oat 5 4 9 
4 3 : 1 2 3 
‘ 2 i : 1 : 1 
-- 3 : . 3 3 
pao 2 2 2 
me : ‘ ; 
10— 1 ‘ il ] 


Dr. Petersen’s Table, which is here reproduced in its entirety (Table 
V.), shows the results of a series of -hauls made with different kinds of 
gear, and at various depths, as specified for each column. On this 
occasion Petersen has given a good demonstration of how the larger fishes 
are proportionately most abundant in the deeper water, while the smaller 
are found at a less depth, and in this respect the Table is of value. 

The same, however, can hardly be said as regards its illustration of 
successive annual series, which, if the grand total is considered, have 
become almost entirely obliterated. 

If the young plaice, say from one to four years old, lived together 
thoroughly intermixed in a certain area, then the result of one haul, or 


* It is difficult to see how this column has been made up—it is not a swmmary of the 
five following columns, such as is shown in column 7. 
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the sum of several hauls made in that place, would at once prove or 
disprove the possibility of pointing out the successive annual groups, and 
would alse show their numerical relation to one another, with an accuracy 
proportionate to the number of fishes captured. But as the size of the 
growing fishes must be in some proportion to their age, and as it has been 
well esteblished that the plaice, under normal conditions, increases in 
size from shallow to deeper water, it follows that the mass of the 
older fishes must live at a greater depth than the mass of the younger ones. 
This, again, means that the annual series of plaice, whether distinguish- 
able or not, in principle must follow one another in succession from the 
shallow to the deeper water, and though perhaps overlapping one another 
at the margins, still claim for themselves areas of their own, each of 
which being inhabited—not solely, but principally—by the greater bulk 
of one particular series. 

Thus the size of the plaice captured very much depends upon what 
depth of water has been examined. A haul made about the centre of any 
area which was the special habitat of a particular series would principally 
contain fishes belonging to that series, and would only show more or less 
indistinct indications of the neighbouring ones. And hauls made at any 
place where such areas merged into one another would not contain fishes 
belonging only to one series, but to the two adjoining series ; and these in 
most cases would become well intermingled, and would have the appear- 
ance of one very much extended group. When, therefore, Petersen 
conducted fishing operations at four or five different places within an area 
extending from the shore to about six miles at sea, and had a depth 
ranging from nothing to eight fathoms, it is clear that the result is of 
doubtful value as regards the demonstration of the true annual series of 
plaice. His choice of fishing-places, however carefully considered in 
regard to other purposes, must have been to a large extent a matter of 
guess as regards the location of the various series, and their representation 
is therefore often erroneous. It must be remembered, ‘however, that Dr. 
Petersen’s elaborate work was not carried on solely nor principally for 
the purpose of studying the growth rate of the plaice. 

Another, and I think better, method by which the natural series or 
groups could be well shown would be to capture all the fishes living on a 
strip of ground, say 10 to 15 yards wide, and extending from the shore 
to the greatest depth within the locality that he examined. Such a 
collection ought to show the distinction of all the groups living within 
the area, and in their approximate numerical proportions to one auother. 
To realise such an ideal method in its entirety would be difficult, or 
perhaps impossible; but a fair approach may be made if the fishing is 
conducted on lines at right angles to the shore instead of along it. In 
the former case all depths and areas could be examined without trouble, 
while this in the latter case is almost impossible. 

1 shall now examine some of the groups shown in Petersen’s Tables, 
and when possible single out what fishes appear to me to belong to the 
varicus annual series. Most information regarding the smallest fishes is 
contained in the records for 1893 (Tables ILI., IV., and V., second part). 
I snaii aiso confine my examination to the northern portion of the Katte- 
gat, and principally to the coast line north of Hals. 

The small plaice not yet one year old (Petersen’s “0” group) are only found 
to inhabit the very shallow water along the shores, and, owing to their 
comparatively small range in size, they are always marked off distinctly. 
This group was principally studied from May to October 1893, when 
fishing with a ‘‘ prawn-catcher” was conducted near Fredrikshavn. The ~ 
results are recorded in Petersen’s Table III., which I have here repro- 
duced (Table VI.) The “0” groupis distinctly shown for May, June, 
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July, September, and October, and in Table VII. is given a summary of 
the details relating to this group, deduced from Table VI. 


TaBLE VI.—Reproduced from Petersen’s Table III., containing the 
Records of Fishing conducted near Fredrikshavn from May to 
October 1893. 
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TaBLE VII., showing details of Measurements, &c., relating to the “0” 


Group in Table VI. (Petersen’s Table IIL.).* 


May 12. | Junel0. | July 9.| Aug. |Sept. 21.) Oct. 19. 
Femeoe che Cron) | gaa gD | ary’| | 1at—3"| 193" | 
Total Number, - ee “Many.” if Seen wieG ieee 172 ae 
ps SUSE TOG) © Talli crt eae aaa REE  ( 
Average Size, - a EO. 0848" | 1-204" Ese | 252300 


*In this and the other Tables relating to Petersen’s work all measurements are given 
in Danish inches. 1 Danish inch = 26°lmm, 
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As the group is fairly well represented numerically, the averages 
deduced will be approximately correct and represent the main growth- 
rate of the plaice to October 19th. The only other instance where the “0” 
group is recorded from the Northern Kattegat in 1893 is contained in 
Petersen’s Table V., when 17 specimens were captured at Aalbeck on 
July 8th. They have an average size of 1:117 inches, which corresponds 
with the average for July 9th in Table VII. (difference only 0:087 inch). 
The distinction of the “0” group in the above Tables is in accord with 
Petersen’s own classification, and is undoubtedly correct 

The “1” group, comprising fishes of more than one but less than two 
years of age, is also indicated in Petersen’s Table III., and I give here a 
summary from that Table as regards this group. 


TabiE VIII., showing Particulars regarding the “‘1” group as contained in 


Table V. 
Date. Mayl1 |Junel10.| July. Aug. |Sept. 21. 
Range of the group, Danish 
inches, - - - - =m) Ue cos a 2s oe — 34”-55" 
Total numbers in the group, - 40 4] == -- 38 
Avge. size in Danish inches, | 2619 | 2:982>4) 3 a 4°407 
| 


Owing to the presence of this “1” group, it is evident that the fishing 
was conducted in sufficiently deep water for the “0” group, and this may 
also be said as regards the group in question here. In conformity with 
what has already been said, it may be argued that if the fishing had been 
extended to deeper water, larger fishes would have been captured. Owing 
to the mode of fishing in this case, it is probable that all depths have 
been examined within a certain area, and though the greatest depth has 
not been stated, it is evident that if the net had been shot still further 
out, particularly on September 21st, a larger portion of a third group 
would have been captured, which now is only indicated as existing 
between 54-74 inches. But as on that date—September 21st—the “0” 
group is present and also part of the “2” group, the “1” group ought to be 
duly represented. On June 9th (Petersen’s Table V.) a group of plaice 
was captured by a sandeel-net near the Scaw. The fishes ranged from 2 to 
44 inches, and had an average size of 2°796 inches. Petersen has appar- 
ently been in doubt as to the age of this group, and has placed his “1” 
group mark on the 4-inch line, thereby suggesting that the fishes in question 
belong to an “0” group—that is to say, under one year old. But the 
proper ‘‘0” group at this time has been found to exist at the range ?-inch— 
l-inch, and has an average size of about 0°848 inch (see Table VII.). The 
group captured at the Scaw must therefore be more than one year old, 
and its average size corresponds well with the ‘‘1” group for June in Table 
VIII. But while the great mass of these fishes are representatives of the 
“1” group, there are not sufficient details to show whether specimens of any 
other group may be included, and much importance need not be attached 
to its average value. No further information is supplied regarding this 
group in the Northern Kattegat for June 1893, but from what has 
already been said it is evident that the two youngest groups of plaice in 
these waters in June had an approximate position as indicated, the one 
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averaging about 0°8 inch* and the other about 3°0 inch. The only instance 
where the “0” and “1” groups may justly be compared in these Tables is for 
September 21st, when a difference is found = 2°396 inches, This figure is 
therefore the only reliable indication of the growth for the first year 
(September to September). 

My own experiments show (which has also been observed by Dr. 
Petersen) that the growth of the plaice during the winter months, while 
the water is cold, is very small indeed, and it is therefore reasonable to 
expect that the “0” group, which can be followed in Table V. from May to 
October, when it has an average size of about 2°239 inches in the end of 
March or the beginning of April, will average about 2°4 inches. But it 
is then one year old, and constitutes the new ‘‘1” group. During the latter 
part of April and the beginning of May the growth-rate is again increas- 
ing, and it corresponds well to find that the 1” group at that time (May 
12th) averaged about 2°619 inches, and on June 10th 2°982 inches. 

I have already explained why the records contained in Petersen’s 
Table V. (reproduced in Table V.) are not well qualified to illustrate the 
various annual series living within the six-mile limit in the locality where 
the fishing was made, and anattempt tooutline allthe series that are present 
is dangerous, owing to the mode of fishing. Two groups, however, are 
distinctly indicated, viz. :—(1) the ‘‘0” group, or under one year, as previ- 
ously referred to; it ranges between # of an inch and 17 inches, and has an 
average size of 1-117 inches, (2) The “1” group, or over one year, which 
is confined to a range between 2 inches and 43 inches, must also be con- 
sidered duly represented. The fishes comprised in it were captured at a 
depth of 25 fathoms and below, and the fishing in deeper water shows 
that another group exists there, merging towards the “1” group. [Column 
5 represents (1) part of the “1” group—below 47 inches, (2) a “2” group— 
between 44 inches and 7 inches, and (3) part of a “3” group—above 74 
inches. Column 6 contains chiefly the “3” group—above 7 inches; it is, 
however, apparently mixed with the “2” group]. This ‘‘1” group, thefishes 
of which were captured on July 8th 1893, and was identified by Petersen, 
has an average size of 3°332 inches, and agrees with the results regarding 
this group in May, June, September, and October (see Table VIII.). 

The more or less favourable conditions prevailing in different years will 
no doubt have some influence on the growth of the plaice ; but there is 
no evidence to show, and it must be considered very improbable, that 
the effect of such variations will be so great as to efface the distinction 
between similar groups in two successive years. With due care and 
allowance for possible variations, it ought to be quite possible to supple- 
ment the one year’s records with those of the preceding. Petersen’s 
Table V. (second part) contains the result of eight hauls, made with an 
eel-seine net between July 12th and 19th 1892. Of the two groups shown 
in the record, the smallest one, the fishes in which range in size from 
4 inches to 7 inches, is of great interest. No information is given in 
regard to the depth of water, yet the group is so circumscribed as to 
exclude any doubt as to its correctness; it contains 447 fishes with an 
average size of 5°818 inches, and can only be the annual series following 
the “1” group already described as existing between 2 inches and 41 inches 
and having an average size of 3,332 inches. This “2” group is also 
recognisable at other dates in 1892. In the records for September 27th 
(same Table) the result of five hauls with an eel-seine shows the same 


*In the months of May and June post-larval plaice are still found in considerable 
numbers, and the young plaice found on the shore are therefore the oldest (or largest) 
of those hatched the same year. ‘The average sizes calculated for these two groups are 
therefore too large, and cannot be used in comparison with Group 1. 
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group at that time to range between 5? inches and 81 inches, and having 
an average size of 6°963 inches. Also in this case the identification is 
well justified, owing to a number of specimens of the younger and the 
older groups being attached. Further confirmation of this group is 
contained in Petersen’s Table VI., where the records from the coast south 
of Hals for May 25th show the group to range between 47 inches and 64 
inches, and having an average size of 5°366 inches, and also in the 
records for June 29th : 43 inches to 64 inches, with an average of 5°762 
inches. Local variation may possibly exist and influence these groups to 
a certain extent; but in all the cases here quoted it is necessary to 
recognise the “2” group in its development from May to September. The 
difference in size between the “1” group and the “‘2” group appears to be 
about 2°535 inches, which is an indication of the second year’s growth. 

In Dr. Petersen’s tabled records this ‘‘2” group is not equally well 
demonstrated. The probable cause of this has already been explained 
(p. 242). It has in some cases been mixed up with the neighbouring 
‘“‘1” group, when misleading data have been produced and caused Petersen 
to combine these two groups into one large “1” group with a range of 
5 or 6inches. From these deductions apparently Dr. Petersen has 
concluded that the smallest mature plaice in the Danish waters (about 7 
inches long) are in their second year only (p. 6), while according to my 
interpretation of his records those fishes should be at least three years 
old.* According to my calculations this is also the probable age of the 
smallest mature plaice on the East Coast of Scotland, and if 
it were known that the plaice becomes mature at the same age in the 
different seas (which is probable), another strong proof would exist in 
support of my theory of the growth-rate of the plaice and the probable 
age at maturity. 

In order to compare the apparent growth-rate of the plaice in the 
Kattegat with my observations on the same subject on the East Coast of 
Scotland, the various data, as deduced from D. Petersen’s Tables, have 
been represented on Plate I. (No. 2). The figures 1 to 13 have been 
arranged according to the date of observation and the average size of the 
group in question. (For furthur particulars see Table IX.) These figures 
have been connected by the dotted line (No. II.), which should be 
considered an approximate illustration of the growth of the plaice in the 
Kattegat at the various seasons, aud extending over nearly three years. 
Owing to the want of sufficient data, it is impossible to say whether the 
course of this line is in all details correctly drawn ; but for the purpose 
of a general comparison sufficient information is available. It will be 
seen that the growth-rate of the plaice in the Kattegat is considerably less 
than on the Scottish East Coast, and that this difference appears to 
increase as the fishes grow older. 

It is of the greatest importance that these investigations regarding the 
growth-rate of the plaice should be continued, aud also be extended into 
deeper water than was the case at Dunbar. The difference of opinion 
regarding the age at which the plaice becomes mature ought to be cleared 
up, as it is a question of considerable importance in several respects in 
connection with the fisheries, and the only method by which this may he 
satisfactorily attained is to carry on systematic fishing from shallow to 
deep water, so that all the annual series may be demonstrated, and their 
age accurately determined also, after the earliest stage of maturity. 


*In the Fourth Report (1893), p. 6., Dr. Petersen says—‘‘It seems that the plaice, 
everywhere, generally become mature in their third year, some already in their second, 
- .” and in the Sixth Report (1895), p. 14, it is stated—‘“‘ A plaice is, ordinarily, not 
mature till its fourth year. . . .” While I have shown why this first statement must 
be wrong (and also Dr. Petersen’s classification of most of his groups), I find that my 
own interpretations of the Tables, as well as the observations made at Dunbar, correspond 
with the latter view. It appears that a considerable number of mature plaice are found 
in the Kattegat about eight and nine inches long, and if these fishes are considered to be, 
at least, in their fourth year and not yet full-grown, the annual growth cannot be nearly 
so large as suggested by Dr. Petersen. 
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DESCRIPTION OF PLATE. 
The curved lines show the rate of growth of the plaice during the first three 


years. The black line No. I. indicates the average size of the fishes caught at 
Dunbar in the various months. The red line represents the mean range of vari- 
ation. The dotted black line No. II. indicates the rate of growth of the plaice in 


the Kattegat as deduced from Petersen’s observations. 
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VII. NOTES ON RECENT GATHERINGS OF MICRO- 
CRUSTACEA FROM THE CLYDE AND THE MORAY 
FIRTH. By Tsomas Scort, F.L.8., Mem. Soc. Zool. de France. 


(Plates X—XITTI.) 


In the following notes my remarks refer chiefly to the rarer forms that 
have been observed in gatherings of Microcrustacea submitted for 
examination during 1898. The gatherings examined have been collected 
in the Moray Firth and the Firth of Clyde, and therefore the notes refer 
chiefly to these localities. I am indebted to Mr. F. G. Pearcey, 
naturalist on board the s.s. ‘‘ Garland,” for most of the gatherings 
forwarded for examination. 


CopEpopa. 
Paracalanus parvus (Claus). 


1863. Calanus parvus, Claus. Die frei-lebenden Copopoden, 
p. 173, Pl. XXVL., figs. 10-14; Pl. XX VIL, figs, 1-4. 


This Copepod, which was observed in the Firth of Clyde for the first 
time in September 1897, has occurred in several of the tow-net gatherings 
collected during 1898, both at the surface and bottom. It was obtained 
at Stations IX. and XIII. in August, and at Stations VII. and VIII. in 
September. Station XIII. is one of the Upper Loch Fyne stations, and 
its occurrence there makes it an addition to the Loch Fyne fauna. It is 
a small species, and may therefore have been previously passed over as a 
young Calanus. It has also been observed in the Moray Firth and in 
the Firth of Forth. 


* Bradyidius armatus (Brady). 


1878. Pseudocalanus armatus, G. S. Brady, Mon. Brit. Copep., 
vol. i., p. 46 (non P. armatus, Boeck—see Giesbrecht, Zool. 
Anzeiger, 1897, p. 25). 

This species is referred to because its distribution appears to be 
somewhat restricted. Though not very plentiful, it is one of the more 
widely diffused of the Clyde Copepoda, and it has been known for 
many years as a Clyde species. It is usually obtained in gatherings 
collected with the bottom tow-net, and much less frequently in surface 
gatherings. Though the species has been recorded from the East Coast 
of Scotland, it seems to be of rare occurrence there. I do not find a 
single reference to it in any of the descriptions of tow-net gatherings 
collected on the East Coast during the past year. 


Eucheta norvegica, Boeck. 


1864. Hucheta prestandree, Boeck, Overs. Norg. Kyster iagt. 
Copep., Forh. Vid. Selsk. Christiania, p. 236. 

1872. Eucheta norvegica, Boeck, Nye Slaegt. og Art. af Salt- 
vandscopep, Lorh. Vid. Selsk. Christiania, p. 40. 


I have no record of this species for the Moray Firth; but it has, as 
in previous years, been obtained in tow-net gatherings from various 


* See ‘‘ Additional Notes” at the end of this paper. 
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parts of the Clyde and Loch Fyne. ucheta appears to be even more 
restricted in its distribution than Bradyidius. According to Sars (“ Norw. 
North Sea Exped.,” Crust., Part I, p. 284), this species was at first 
ascribed by Boeck to Hucheta prestandrew, Philippi, but was afterwards 
described by him under the name which it now bears, 


Scolecithrix hibernica, A. Scott. 


1896. Scolecithrix hibernica, A. Scott, Ann. and Mag. Nat. 
Hist., (6) vol. xviii., p. 362, Pl. XVII. and XVIII. 


This species, though only recently discovered, is at times not very rare 
in the Clyde and Loch Fyne tow-net gatherings. The following records 
of its occurrence will indicate sufficiently the wide distribution of the 
species in the Clyde district. During August last year it was obtained 
at Stations JIT. and IV. (in Kilbrennan Sound), and at Stations XIII, 
XIV., XV., and XVII. (Upper Loch Fyne), and in September at 
Stations VIT. and VIII. (4 or 5 miles south of Ailsa Craig). 

I have now to record its occurrence for the first time in the Moray 
Firth, having obtained it in a tow-net gathering collected in June last 
year at Station XVI. (vicinity of Smith Bank) from a depth of about 
forty fathoms, but it was apparently rare in this gathering. The opinion 
expressed by the describer of the species that Scolecithrix hibernica was 
really a deep-water form, and that its being so would partly account for 
its having been so long overlooked, is more or less confirmed by what is 
observed regarding its distribution in the Clyde and in the Moray Firth. 


Scolecithrix pygmexa, sp. n. (Pl. X., figs. 1--9). 


Description of the Female.—Somewhat like Scolecithrix hibernica, A. 
Scott, in general appearance but smaller, the length of the specimen 
figured is, exclusive of tail sete, ‘95 mm. (about . of an inch). The 
rostrum is small, The last segment of the thorax is produced on each 
side into a hook-like process (fig. 1), The antennules are scarcely as long 
as the thorax; they are twenty-four jointed ; the first two joints are 
moderately large; the third to the seventh are smaller; but the eighth is 
about twice as long as the preceding joint, and sub-equal in length to the 
first and second. The joints that immediately follow the eighth are 
shorter, but the others gradually increase in length, so that several of the 
last joints are about as long as the eighth. The end joint is very small. 
The antennules are only sparingly setiferous, but the terminal joints are 
furnished with a few plunfose hairs as shown by the figure. The formula 
gives approximately the proportional lengths of all the joints, as 
follows :— 


Numbers of the joints, 1-2 :3-4-5-6-7 *8 °9°10-1112-13-14-15-16-17-18-19-20 21 22-23-24 
Lengths of the joints,  12°15°8°5°6-6-612'8-7 8 9 -9 9 ‘9 ‘I1-11-11-11-11-10-14-12 5 


The antenne, mandibles, and maxille are all somewhat similar to those 
of Scolecithrix hibernica. The anterior foot-jaws are furnished with 
several lobes on the inner aspect as in Scolecithrix dubia, Giesbrecht. 
The distal lobe is armed with a long slender spine, but the others are 
setiferous. The special joint of each of the anterior foot-jaws carries a 
number of the long slender worm-like hairs which form one of the 
principal characters of the genus (fig. 3). The posterior foot-jaws are 
elongate, and somewhat like those of Scolecithrix hibernica (fig. 4). 
The first four pairs of swimming feet are also somewhat similar to those 
of Scolecithrix hibernica, except that the marginal spines of the outer 
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branches of the fourth pair are stouter than those of the outer branches 
of the same pair in that species. The terminal spines are also slightly 
different (figs. 5,6). The fifth pair appears to be wanting in the female. 
The abdomen is, proportionally, scarcely so long as that of Scolecithriz 
hibernica. The first segment is about equal to the combined length of 
the next two, and is rather more dilated ; the second segment is some- 
what shorter than the third; but the length of the third and fourth is 
about equal. The caudal furez, which are about as long as broad, are 
somewhat longer than the segment to which they are articulated, and the 
furcal sete are long and plumose (fig. 8). 


Description of the Male.—The male of Scolecithrix pygmcea resembles 
that of Scolecithrix hibernica in several aspects, but differs particularly 
in the structure of the fifth pair of thoracic feet. In this pair the basal 
joint is stout, and armed with several curved spines as in Scolecithrix 
hibernica, but the right branch is more slender, and the first joint of 
that branch is not so irregular in outline. In the present species the 
first joint of the right branch becomes gradually but only slightly 
dilated towards the distal end, and is not produced into a large lobe as in 
Scolecithriz hibernica; the second joint is smaller, and proportionally 
much more slender than in that species ; the marginal thumb-like process 
is small, and situated near the middle of the joint. The left branch of 
the present form (fig. 7 1.) is also rather more slender than that of 
Scolecithrix hibernica, but the process at the distal end of the second 
joint is somewhat more produced and attenuated. The abdomen consists 
of five segments. The second, which is rather longer than the first, is 
about one and a half times the length of the following segment; the 
third and fourth segments are sub-equal, but the last is very small; the 
furee are about equal in length to the penultimate segments of the 
abdomen (fig. 9). Figure 10 represents the fifth thoracic feet of the 
male of Scolecithrix hibernica for comparison with those of the species 
now described. The figures of both are of the same maguification. 


Halitat.—Firth of Clyde and Loch Fyne. Not very rare. 


Remarks.—This Scolecithric has been under observation for a con- 
siderable time. At first I was inclined to regard it simply as a form of 
Scolecithrix hibernica, but as it continues to turn up both alone and in 
company with that species, and as all of the specimens are characterised 
by the same distinctive features, I think it will be more satisfactory to 
describe it under a separate name. It is distinctly a smaller species than 
Scolecithrix hibernica, being scarcely a millenfetre in length. If male 
and female specimens of the two species be placed side by side—the males 
together and the females together—the difference in size is readily 
noticed. The structure of the fifth thoracic feet of the male, and the 
structure and armature of the anterior foot-jaws of the female, are 
characters by which the species may be distinguished ; the lengths of the 
abdominal segments in both male and female are also proportionally 
different. 


Centropages typicus, Kroyer. 
1849. Centropages typicus, Kroyer. Nat. Tidskr., (2) ii, 
p. 588, t. 6. 


This species appears to be much rarer in the Clyde than Centropages 
hamatus, for while the latter form occurs in nearly all gatherings 
collected in August and September last year, I have only three records 
for Centropages typicus. On the East Coast of Scotland Centropages 
typicus appears to be more common. Ina series of gatherings from the 


of the Fishery Board for Scotland. 251 


Moray Firth collected during May aud June last year, both species were 
nearly equally frequent, Centropages hamatus, however, was even here 
rather the more common of the two species. 


Isias clavipes, Boeck. 
1864. Jsias clavipes, Boeck. Overs. Norg. Copep., Forh. Vid. 
Selsk, Christiania, p. 18. 

This fine species has been obtained in several of the Clyde tow-net 
gatherings, both surface and bottom. But though occurring now and 
again in various parts of the Clyde, it seems to be always a scarce species. 
The following are a few of the more recent records of /szas from the 
Clyde—at Station II. (Kilbrennan Sound), in surface and bottom tow- 
nets, at Station XII. (between Arran and the Heads of Ayr), in the 
bottom tow-net in August, and in the surface tow-net at Station VIT. in 
September 1898. 


*EKurytemora lacinulata (Fischer). 


1853. Cyclopsina lacinulata, Fischer, Beitr, z. Kenntn. d. Cyclo- 
piden, Bull. Soc. Imp. Natur., Moscow, XXVI., p. 86-90, 
P). IL., figs. 4-17, 34. 


This species has been obtained during the past year in brackish water- 
pools at Hunterston, Firth of Clyde. Hurytemora lacinulata has been 
recorded from the Clyde district on one or two former occasions, but not 
previously from Hunterston. 


* Metridia hibernica (Brady and Robertson). 


1873. Paracalanus hibernicus, Brady and Robertson, Ann. and 
Mag. Nat. Hist. (4), vol. xii., p. 126, Pl. VIII., figs. 1-3. 


This species has already been recorded from Loch Fyne, and seems to 
be distributed, though very sparingly, all over the Clyde estuary. 
Metridia hibernica somewhat resembles Metridia longa (Lubbock), but is 
smaller than that species. It may be difficult to discriminate between 
the young of the two species; but there need be little difficulty in 
distinguishing the adult forms, especially if males are present. Metridia 
hibernica has also been observed both in the Moray Firth and in the Firth 
of Forth. 


* Candace pectinata, Brady. 


1878. Candace pectinata, Brady, Mon. Brit. Copep., vol. i. p. 
49, Pl. VIII. figs. 14,15; PL X. figs. 1-12. 


Though this species has been obtained both in the Firth of Clyde and 
the Moray Firth, as well as in the Firth of Forth, it has not been observed 
within recent months. 


Labidocera wollastoni (Lubbock). 


1857. Pontella wollastoni, Lubbock, Ann. and Mag. Nat. Hist. 
(2), vol. xx., p. 406, Pl. X. fig. 13 ; and Pl. XI. figs. 9-11, 18. 


The only records of this species I have for the past year are two, 
and both are for the Clyde. They are as follows: --In a bottom tow net 
gathering collected at Station IX. on August 31st, rare; and in a surface 
gathering collected at Station VIII. on September 23rd (only one specimen 
was observed in this gathering). 


* See ‘‘ Additional Notes” at the end of this paper. 
R 
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Anomalocera patersonii, Templeton. 


1837. Anomalocera patersonti, Sais stu) Trans. Entom. Soc., 
vol, il, p. 35, Pl. V., figs. 1-3. 


This species, which is one of the most richly coloured of the British 
Copepoda, was occasionaily observed during the past year in tow-net 
gatherings both from the Firth of Clyde and the Moray Firth, but it 
seldom occurred in any quantity. 


Parapontella brevicornis (Lubbock), 


1857. Pontella brevicornis, Lubbock, Ann, and Mag. Nat. Hist. 
(2), vol. xx., Pl. XL, figs. 4-8. 


Though Parapontellu may occasionally be found moderately common 
more frequently one or a few specimens only are obtained in any single 
gathering—such, at least, is my experience in regard to the distribution 
of this species in the Scottish seas. Parapontella brevicornis has during 
the past year occurred sparingly both in the Firth of Clyde and in the 
Moray Firth. Living specimens are readily distinguished, even amongst 
crowds of Calanus, Pseudocalanus, Temora, etc., by their peculiar dark 
or blackish colour, but much of this colour is lost when the specimens 
are preserved in spirit. 


Acartia clausiz, Giesbrecht. 


1889. Acartia clausii, Giesbrecht, Rendiconti R. Accad. d. Lincei, 
vol.v., fase; 11: 


This is the only species of Acartia I have hitherto observed in the 
Clyde district. The spines, with which the fifth pair of feet of the female 
are armed, are short and very stout, and therefore very different from 
those of Acartia longiremis, Lilljeborg. Inthe Moray Firth district both 
Acartia clausii and Acartia longiremis are met with ; the first is frequent 
in the open sea, but it has also been observed inshore. On June 6th, 
1898, both species occurred in a gathering collected at Station ITI. 
(Cromarty Firth), where there is usually a more or less admixture of fresh 
water, and also at Stations I. and II. (off the Nairn Coast) on the 7th 
of the same month. Neither Acartia bifilosus, Giesbrecht, nor Acartia 
discaudata, Giesbrecht, have been observed in the Moray Firth district, 
but it is quite possible that they may yet be found there—especially in 
that part of the district known as the Beauly and Cromarty Firths, where 
the conditions seem to be favourable for these two species. 


Cerviinia bradyi, Norman. 


1878. Cervinia bradyi, Norman; Brady, Mon. Brit. Copep., 
vol. i. p. 86, Pl. XXIVa., figs, 3-13. 


A single specimen of this curious species was obtained in a small 
gathering of Microcrustacea washed from a quantity of mud brought up 
in the bottom tow-net at Station XII. (Firth of Clyde) on 29th August 
1898, from a depth of from forty to forty-three fathoms. Cervinia was 
discovered at Oban by the Rev. A. M. Normanin 1877. It has also been 
recorded from the Irish Sea by I. C. Thompson, of Liverpool; but this 
appears to be the first time the species has been observed in the Clyde, 
It is quite distinct from any other species of the British Copepoda. 
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FEictinosoma curticorne, Boeck. 


1864. Hctinosoma curticorne, Boeck, Overs. Norg, Copep. Forh. 
Vid. Selsk. Christiania. 


This species has been obtained during the past year at Hunterston, 
Firth of Clyde. 


Ectinosoma herdmant, T. and A, Scott. 


1896. Hetinosoma herdmant, 'T. and A. Scott, Rev. Brit. Copep. 


belonging to the gen. Bradya and Lctinosoma, p. 432, Pl. 
AXAVI., Ke. 


This species was obtained during the past year at Hunterston, Firth of 
Clyde, and also in a gathering from Cromarty Firth, collected 4th Nov- 
ember 1897. The last is a new record for this species. 


Letinosoma gracile, T. and A. Scott. 
1896. Ectinosoma gracile, T. and A. Scott, Rev. Brit. Copep. 


belonging to the gen. Bradya and Lctinosoma, p. 429., Pl. 
XXXVI., &c. 


Several specimens of this apparently rare species were obtained in a 
shore gathering collected on 4th November 1897, a little to the east of 
Invergordon, Cromarty Firth. This is the only time I have obtained 
Ectinosoma gracile since it was discovered in the Firth of Forth in 1896. 
It is a very small species and easily overlooked. One of the Cromarty 
Firth specimens with ova measured only 0°43mm. (;.th of an inch). 


Bradya typica, Boeck. 


1872. Bradya typica, Boeck, Nye Slegt. og Art. of Saltv. 
Copep., Forh. Vid. Selsk. Christiania, p. 14. 


This species occurred in a gathering collected at Station XVI. (Moray 
Firth), 10th July 1898, but only one or two specimens were obtained. 
It has also been obtained in a gathering from Station XII. (Firth 
of Clyde), collected 29th August 1898; in one from Station XV., 
collected 22nd August; and in another from Station XVII. (both in Upper 
Loch Fyne), collected on the 24th of the same month. 


Bradya hirsuta, T. and A. Scott. 


1896. Bradya hirsuta, T. and A. Scott, Rev. Brit. Copep. 
belonging to the gen. Bradya and Kctinosoma, p. 423, Pl. 
XXXV., &e. 


This species was obtained in a gathering collected at Station XVI. 
(Moray Firth), 10th July, 1898, but only a few specimens were observed. 


Misophria pallida, Boeck. 
1864. Misophria pallida, Boeck, Overs. Norg. Copep., p. 24. 


This isa somewhat rare species. It has already been recorded for Loch 
Fyne, and has also been found in Kilbrennan Sound, though not previously 
recorded. It occurred during the previous year in a bottom tow-net 
gathering from Station XVII. (Upper Loch Fyne), collected on 7th 
December, but only two specimens, however, were obtained in this 
gathering. 
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Robertsonia tenuis (G. S. Brady and Robertson). 


1875. Hctinosoma tenue, B. and R., ‘‘ Proceed. of the Brit. Ass.,” 
peL9o: 


A few specimens of this well-marked species occurred in a small 
gathering of Microcrustacea from Station XVI. (Moray Firth), depth 30 
to 40 fathoms, collected on 10th June 1898. The gathering consisted of 
the washings of some dredged material. 


Delavalia mimica, T. Scott. 


1897. Delavalia mimica, T. S., Fifteenth Ann. Rep, Fish. Board 
Scot, Poli, prto0, Pl ties. 19: 


This species was obtained in a gathering from Station XVI. (Moray 
Firth), collected on 10th June 1898, but was somewhat rare. 


Deiavalia emula, T. Scott. 


1893, Delavalia emula, T. 8., Eleventh Ann, Rep, Fish. Board 
Scot., Pt. IIL, p. 204, Pl. IV., figs. 36-47. 


This species was obtained in some dredged material collected a little to 
the west of Invergordon, and was also somewhat rare. 


Delavalia giesbrechtt, T. and A. Scott, var. (Pl. XIIL, figs. 20-22). 


1890. Delavaliu giesbrechti, T. and A. 8., Ann. Scot. Nat. Hist., 
p. 225, Pl. IV., figs. 1-10. 


A form of Delavalia has been obtained at Hunterston, Firth of Clyde, 
which resembles Delavalia giesbrechtt very closely, but it wants the 
peculiar broad tail sete that constitute such a marked feature in that 
species (fig. 22); there is also a slight difference in the arrangement of the 
four marginal sete on the inner portion of the basal joints of the fifth 
thoracic feet (fig. 21). In other respects the two forms appear to be 
similar. Fig. 20, which represents the first pair of swimming feet, shows 
the second joint of the inner branches to be rather more slender than 
the same joint in typical D. qeesbrechti. 


Psyllocamptus, gen, nov. 


Similar to Canthocamptus, but the inner branches of the first pair of 
swimming feet, which are about equal in length to the outer branches, 
are two-jointed, while the inner branches of the next three pairs are all 
three-jointed. Moreover, the antennules in spirit specimens are distinctly 
bent at the second joint as in Netochra. 


Psyilocamptus fairliensis, sp. n. (Pl. XIIL, figs. 12-19). 


Description of the Female.-—Length about ‘6 mm. (4, of an inch). 
Body slender and elongate, and resembling Canthocamptus in general 
appearance (fig. 12). Antennules moderately short and setiferous, eight- 
jointed ; the first two robust, the penultimate joint smaller than the 
others (fig. 13); the formula shows approximately the proportional 
lengths of all the joints— 

Number of the joints, Te STA has: eg ane 
Proportional lengths of the joints, 24 °24°7°'9°'6°7°4°6 

Antenne short, three-jointed ; secondary branch small, one-jointed, 

and furnished with three sete (fig. 14), 
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Mandibles as in Canthocamptus, mandible-palp one-branched, and 
furnished with a few sete; the basal joint is armed with a moderately 
stout apical spine (fig. 15). Other mouth organs as in Canthocamptus. 
First pair of swiraming feet with both branches mederately short, and of 
nearly the same length; the outer branches are three-jointed, but the 
- inner are composed of only two joints, as in Attheyella ; the first joint of the 
inner branch is about equal in length to the first two joints of the outer 
branches, and is also somewhat stouter; the second joint is little more 
than half the length of the first one (fig. 16). 

The second, third, and fourth pairs of swimming feet have both 
branches three-jointed ; the outer branches are considerably longer than 
the inner; in the fourth pair the inner branches are only about a third 
of the length of the outer branches (fig. 17); the first joint of the inner 
branches of the fourth pair are very small; the outer branches are 
furnished with long terminal sete. The fifth pair are small and folia- 
ceous ; and the inner portion of the basal joint is considerably produced, 
and is subcylindrical in outline ; the apex is subtruncate and bears four 
sete, the two inner ones being small, while the other two are elongate ; 
the secondary joint is ovate, and furnished with several sete on the 
outer margin and apex. All the sete are of considerable length, except 
a small one near the base of the outer margin (fig. 18). Caudal furca 
short, and about as broad as long (fig. 19). 

Habitat.—Shore between Fairlie and Hunterston, Firth of Clyde. 
Rather rare. No males have been observed. 

Remarks.—The Copepod just described resembles more or less closely 
not only Canthocamptus, but also Attheyella and Mesochra. It differs 
from the typical Canthocamptus in having the inner branches of the 
first pair of swimming feet only two-jointed, while the inner branches of 
all the next three pairs are three-jointed. It also differs from Attheyella 
and Mesochra in having the inner branches of the second, third, and 
fourth pairs three-jointed, though agreeing with these two genera in the 
structure of the first pair. Moreover, it somewhat resembles Netochra in 
the antennules being distinctly bent at the second joint ; but in that genus 
all the first four pairs of swimming feet have the inner branches three- 
jointed. 

Psyllocamptus fairliensts seems to form one of the links in a chain of 
Copepods that at the one end terminates in Mesochra, which has the 
inner branches of all the four pairs of swimming feet two-jointed, and at 
the other end in Wztochra, which has the same branches all three-jointed. 
The generic name is derived from the two Greek words psyl/a—-a flea, and 
kamptos—fiexible. 


Huntemannia jadensis, S. A. Poppe. 


1884. Huntemannia jadensis, Poppe, Abhandl. d. nat. Ver. 
Bremen, Bd. [X., p. 59. 


1885. Huntemannia jadensis, Poppe, Die freilebenden Copep. 
des Jadebusens, op. cit., Bd. XI., p. 167, Pl. VIL., figs. 10-20 


1895. Huntemannia jadensis, 'T. and A. Scott, Ann. and Mag, 
Nat. Hist. (6), vol. xv., p. 57, Pl. VI, figs. 21, 22. 


This species was described by Dr. Poppe in 1884. It was first detected 
in Scotland in 1894, in brackish water pools, at the head of West Loch 
Tarbert (Cantyre), and a record of its occurrence there was published in 
the “ Annals and Magazine of Natural History ” for 1895, but up till the 
present time this appears to be the only record of its occurrence in Scotland. . 
On 4th November 1897, Mr. F. G. Pearcey collected a gathering of 
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small crustacea, cn the shore near low-water mark, to the east of Inver- 
gordon, in the Cromarty Firth; this he afterwards sent to me for exa- 
mination. Several rare Copepods have been obtained in this gathering, 
and one of them—Lctinosoma gracile—has already been referred to ; 
another of these rare forms is the species under consideration. Only 
four specimens of Huntemannia were obtained in this gathering 
from Cromarty Firth, so that the species, which is very well marked, is 
probably rare. The first pair of thoracic feet are stout, the outer branches 
are three, and the inner one-jointed. They are armed with strong 
marginal spines. The basal joint of the first feet carry each, interiorly, 
a comparatively large thumb-like process, instead of a spine. This process 
was quite conspicuous, even without dissection, in each of the four speci-~ 
mens obtained. Probably the species is local as well as rare, 


Pseudotachidius coronatus, T. Scott. 


1898. Pseudotachidius coronatus, T. Scott, Sixteenth Ann. Rep. 
Fish. Board for Scot, Pt. III., p. 267, Pl. XIII, figs. 12-26; 
Pl. XV., figs. 1-4. 


This somewhat remarkable species was described in 1898 from one or 
two specimens obtained amongst some small Crustacea sent to me from 
Lower Loch Fyne by Mr. F. G. Pearcey. They had been dredged from 105 
fathoms. Ihave now to record the species from other two localities in 
the Clyde district, aud from moderately deep water—viz., from Station 
XI1., 40-43 fathoms, washed from mud brought up in the tow-net, 29th 
August 1898; and from Station XVII., Upper Loch Fyne, washed from 
trawl refuse, 7th December 1898. Only one specimen was obtained in 
each of these two gatherings. 


Tetragoniceps macronyx, T. Scott. 


1892. Tetragoniceps macronyx, T. Scott, Tenth Ann. Rep. Fish. 
Board for Scot., Pt. III., p. 253, Pl. X., figs. 19, 28. 


This well-marked and somewhat rare species was described from 
specimens obtained in the Firth of Forth. I have now to record its 
occurrence in the Cromarty Firth, having obtained it in a gathering of 
material dredged in the vicinity of Invergordon in 1896, but only recently 
examined. 


Laophonte thoracica, Boeck. 
1863. Laophonte thoracica, Boeck, Overs. Norg. Copep., p. 54. 


What appears to be two forms of this species have been observed in 
the Moray Firth district, one a deep-water form, which appears to be 
the typical one. This was obtained in a gathering from Station XV. 
(vicinity of Smith Bank), depth 24-49 fathoms, collected 20th November 
1897. The other was obtained in the Cromarty Firth, and a little to 
the west of Invergordon, where the depth of water is only a few fathoms, 
and where there is usually a certain admixture of fresh water. 


Laophonie serrata (Claus). 


1863. Cleta serrata, Claus, Die frei-lebenden Copep., p. 123, 
Pl. XV., figs. 13-20. 
Laophonte serrata, which appears tu be a rare species, occurred in the 
same gathering in which the Huntemannia was obtained, and is now for 
the first time recorded for the Cromarty Firth district. 
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Cletodes tenuipes, T. Scott. 


1897. Cletodes tenuipes, T. Scott, Fifteenth Ann. Rep. Fish. 
Board for Scot., Pt. ILI., p. 170, Pl. I., figs. 19-27. 


This species, which is apparently rare, was also obtained in the same 
gathering from Cromarty Firth in which the Huntemannia occurred. 
Cletodes tenuipes was described from Clyde specimens, and it is interesting 
now to find it also on the Kast Coast. 


Cletodes perplexa, sp. n. (Pl. XI., figs. 12-20; Pl. XIL, fig. 1). 


Description of the Female.—Length of the specimen figured *67mm. 
(|; of an inch). The body is stout anteriorly but tapers gradually 
towards the posterior end ; in spirit specimens the tail is generally incurved 
as shown in the figure (fig. 12, Pl. XI). Rostrum short and slightly 
recurved. Antennules very short, moderately stout, and composed of 
five joints ; the first and second joints are large; the third is about half 
the size of the second ; the fourth is very small; and the last is about one 
and a half times the length of the third (fig. 13, Pl. XI.). The approxi- 
mate proportional lengths of the various joints are shown in the formula—- 

Numbers of the joints, eo Fog ote 
Proportional lengths of the joints, 21 ° 25 °12°4: 19 


There are a number of coarsely plumose setze on the distal half of each 
antennule, and a small asthetask springs from the end of the third joint. 
Antenne three-jointed ; secondary branches small, each furnished with 
two coarsely plumose sete and a small hair (fig. 14, Pl. XI.). Mouth 
organs nearly as in Cletodes linearis (Claus) ; figs. 15 and 16, Pl. XL., 
show the form of the anterior and posterior foot-jaws. The inner branches 
of the first four pairs of swimming feet, which are all two-jointed, have 
the first joint small, while the second is slender and elongate, The inner 
branches of the first pair have the first joint somewhat dilated, while the 
principal terminal seta of each is fully three times the entire 
length of the inner branches; these branches are also somewhat shorter 
than the three-jointed outer branches (fig. 17, Pl. XI.). The inner 
branches of the second, third, and fourth pairs are comparatively shorter 
than those of the first pair, and the terminal setz of both the inner and 
outer branches of these three pairs are long and plumose (fig. 18, Pl. XI.). 
The fifth pair of feet differ from those usually observed in Cletodes; the 
basal joint, which is proportionally much dilated, is produced into a large 
and strong spine-like process which is slightly curved at the end and 
bordered with minute spinules; the secondary joint is rudimentary, and 
bears three small sete at its truncate apex; two sete spring from the 
opposite margin of the large basal joint (fig. 19, Pl. XI.). The caudal 
furce are long and slender ; two small sete spring from near the middle of 
the outer margin of each of the furce, and they each bear a long spini- 
form terminal seta (fig. 1, Pl. XIL.). 

The male differs little from the female, except that the antennules are 
modified in the usual way. The fifth pair of thoracic feet are nearly the 
same as those of the female (fig. 20, Pl. XI.). 

Habitat.— Vicinity of Smith Bank, Moray Firth. Rare. 

Remarks.—This very distinct species was obtained amongst somv 
dredged material collected on the 6th October 1898, and sent to me by 
Mr. F. G. Pearcey. The fifth thoracic feet form one of the most striking 
characters of this species, not only because of their remarkable form, but 
also because in all the specimens examined they projected nearly straight 
out from the body of the animal instead of being adpressed, as is usually 
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the case. The incurved position of the posterior portion of the abdomen 
and caudal furca is also a more or less constant feature in this species 
so far as regards all the specimens examined, Except for the somewhat 
abnormal form of the fifth pair of feet, the species appears to be a typical 
Cletodes. 


Dactylopus tenuiremis, Brady and Robertson. 


1895. Dactylopus tenuiremis, Brady and Robertson, Brit. Assoc. 
Repori, p. 197. 


This apparently rare species occurred in the shore gathering collected to 
the east of Invergordon, Cromarty Firth, in November 1897. There is 
no previous record of Dactylopus tenutremis from the Moray Firth district. 
It is a somewhat critical species, but appears to be distinct. 


Dactylopus minutus, Claus. 


1863. Dactylopus minutus, Claus, Die frei-lebenden Copep., 
p. 126, Pl. XVI, figs. 14-15. 
This Dactylopus occurred amongst a number of other things in a 
gathering from Station VI. (Firth of Clyde) collected Ist September 1898. 
It is a comparatively small species and appears to be rare. 


Thalestris helgolandica, Claus. 


1863. Thalestris helgolandica, Claus, Die frei-lebenden Copep., 
p: 131, Pl. XW, figs. 12-21. 

This rare species was obtained in a bottom tow-net gathering from 
Station IV. (Kilbrennan Sound, Firth of Clyde) on 24th August 1898. 
The Rev. A. M. Norman has also obtained Thalestris helgolandica in the 
Firth of Clyde. This species of Thalestris, as well as Thalestris hibernica, 
has been found recently in some material dredged in 1886 a little to 
the west of Invergordon, Cromarty Firth, but both appear to be scarce. 


Cylindropsyllus fairliensis, sp. n. (Pl. X., figs. 11-14; Pl. XI., figs. 1-4). 


Description of the Female.—The body is elongate, slender, and cylindri- 
cal. The length of the specimen figured is 1°73mm. (nearly j: of an 
inch). The thorax is composed of five distinct segments, the first of which 
is rather longer than the combined lengths of the next two, but the 
second to the fifth are sub-equal. The abdomen is also composed of five 
distinct segments; the first to the fourth are of nearly the same length as 
the posterior thoracic segments, the last being about one and a half times 
the length of the penultimate segment. The caudal furce are short and 
broad; the interior half of the apex of each is somewhat produced and 
bears a long and moderately stout seta and two or three small hairs; the 
exterior portion of the apex is abruptly concave, the concavity being 
bounded externally by an acute angle, and interiorly by the produced 
setiferous portion just referred to and as shown in the figure (fig. 6, Pl. 
XIL.). The rostrum is short. The antennules are moderately short and 
stout, eight-jointed; the first four joints are larger than the last four, a 
stout asthetask springs from the produced upper angle of the fourth joint; 
the fifth joint, which is smaller than any of the others, is only about half 
the length of the preceding one; the next three are sub-eqnal and some- 
what longer than the fifth (fig. 1, Pl. XL). The formula shows approxi- 
mately the proportional lengths of all the joints— 

Numbers of the joints, a ae ae ee Ale 
Proportional lengths of the joints, 22°15°16°12°6°10°+11-°10 
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Antenne stout, three-jointed, with a very small secondary branch bearing 
a single seta (fig. 2, Pl. XI.). The mandibles are small and elongate; the 
palp is small and consists of a single slender branch bearing two short 
apical setee (fig. 12, Pl. X.). Maxilla short and moderately stout, with the 
apex broadly truncate and armed with a number of strong teeth. The 
palp small, two-jointed, and furnished with a few terminal and subterminal 
hairs (fig. 13, Pl. X.). Posterior foot-jaws stout, armed with a stout 
terminal claw and two stout marginal processes (fig. 14, Pl. X.). The 
inner branches of the first four pairs of swimming feet are all two-jointed ; 
those of the first pair are nearly equal in length to the three-jointed outer 
branches; but in the second, third, and fourth pairs the inner branches 
are considerably shorter than the three-jointed outer branches. All the 
four pairs are moderately stout and are furnished with elongate marginal 
spines, while the terminal set of both the outer and inner branches are 
long and plumose (figs. 3 and 4, Pl. XI.). The fifth pair of thoracic feet 
are small and provided with about two moderately long spiniform sete 
and one or two small hairs (fig. 5, Pl. XI.). 

Habitat.—Brackish water-pools near Fairlie, Firth of Clyde. Appa- 
rently rare. 

Remarks.—This Copepod at first srght closely resembles Cylindropsyllus 
levis, Brady, though of somewhat larger size; but even without dissection 
the caudal furcee are seen to be distinctly different from those of that 
species, and if a specimen be dissected several other differences are noticed. 

The antenn, for example, are three-jointed, while in the typical 
Cylindropsyllus they are only two-jointed: the inner branches of the 
swimming feet are also more fully developed than they are in Cylin- 
dropsyllus. Such differences may yet render it necessary to remove 
this Copepod to another genus; but, meantime, as no males have yet been 
observed, I prefer to leave it in the genus to which for the present 
it is doubtfully ascribed. 


Leptocaris, gen. nov. 


The Hemale.—Body slender, somewhat resembling Cylindropsyllus. 
Secondary branches of the antenne very small, one-jointed. Mandible- 
palp obsolete—in this respect, the mandibles are somewhat similar to 
those of Maraenolnotus. Maxillee also somewhat similar to those of 
Maraenobiotus, but the palp is a small cylindrical process with a dilated 
base. Footjaws similar to those of Cylindropsyllus. Inner branches of 
first, second, third, and fourth pairs of swimming feet two-jointed, and 
considerably shorter than the three-jointed outer branches; fifth pair very 
small, one-branched. 

The Male.—The male is similar to the female, except that the anten- 
nules are modified and hinged for grasping, and that each of the fifth pair 
of thoracic feet is armed with a stout spine on its inner aspect, in addition 
to a few small sete. 


Leptocaris minutus, sp. n. (PI. X., figs. 15-21 ; Pl. XI, figs. 7-11). 


Description of the Female.—Body elongate and slender. No distinction 
between the thorax and abdomen. Thorax composed of five, and the 
abdomen of four segments (fig. 15. Pl. X.). The first thoracic segment is 
somewhat longer than the entire length of the next two, the second to 
the third are subequal, the fourth and fifth—which are also subequal— 
are rather longer than the second and third. The first abdominal segment 
is about one and a half times longer than the next, the second andthird 
are subequal, while the ultimate segment is rather longer than the 
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anterior one. Rostrum small. The antennules are very short, and 
moderately setiferous—seven-jointed. The first joint is considerably 
dilated ; the second, which is only about half the length of the first, is 
also somewhat dilated. The third joint is nearly as long as the first. 
The fourth joint—which is furnished with a moderately long asthetask— 
and the last are of equal lengths, and are each as long as the second. 
The fifth and sixth joints are somewhat smaller than the others (fig. 16, 
Pl. X.). These differences are more clearly shown by the formula 
annexed —— 


Numbers of the joints, T2255) Ay, PO Gia 
Proportional lengths of the joints, 12°6.10.6.4.5.6 


Antenne small, three-jointed ; secondary branches very small, one-jointed 
(fig. 18, Pl. X.). The mandibles are also small; the mandible palp is obsolete, 
being represented by a single small hair (fig. 19, Pl. X.). The maxille are 
very small, the biting part is moderately broad, and armed with a few com- 
paratively elongate teeth. Thepalp is a small cylindrical process, arising from 
a moderately broad base, and furnished with a few hairs (fig. 20, Pl. X.). 
Posterior foot-jaws small. They somewhat resemble those of Cylindro- 
psyllus levis (fig. 21, Pl. X.). The inner branches of the first four pairs 
of thoracic feet are all two-jointed, and shorter than the three-jointed 
outer branches. The two joints that compose the inner branches are, in 
each of the four pairs, more or less subequal, but those of the first pair 
are rather stouter than the others. All the four pairs of feet are small 
(figs. 7 and 8, Pl. XI.). The fifth pair are minute. Each consists of a 
small semicircular appendage bearing three or four small sete (fig. 9, 
Pl. XI). The caudal furcee, which are small and cylindrical, are scarcely 
twice as long as broad ; but each carries a long terminal spiniform seta, 


and also a few small hairs (fig. 11, Pl. XL). 


The Male.—So far as can be made out, the male does not differ much 
from the female, except that the antennules are modified for grasping, as 
in other Harpactids. The fifth thoracic feet are also each provided with 
an elongate and stout spine, in addition to the sete observed on the fifth 
pair of the female (fig. 10, Pl. X1.). 


Habitat.—Brackish water-pools on the shore near Hunterston, Firth 
of Clyde. Rather rare. 


Remarks.—This Copepod is somewhat like a Moraria or a Maraeno- 
biotus in general appearance, as well as in some of the structural details ; 
but it differs from these two genera, not only in the form of some of the 
mouth organs, and of the fifth pair of thoracic feet, but in other details of 
structure as well. Neither does it agree with Cylindropsyllus, although 
it has a general resemblance to the members of that genus. For these 
and other reasons, I have instituted for its reception the genus Lepto 
caris (Greek—leptos, slender ; karts, a shrimp). 


Idya cluthe, sp. n. (Pl. XIL., figs. 2-6). 


Description of the Female.-—Length of the specimen figured, 1°17mm. 
(1, of aninch). Somewhat like Idya furcata in general appearance, but 
rather more slender (fig. 2). The antennules are moderately short ; being 
only about two-fifths of the length of the thorax, they resemble generally 
the antennules of /dya furcata, but the entire length of the first four 
joints is proportionally shorter. The first four joints are sub-equal in 
length ; the fifth is rather shorter than the one next to it; while the 
seventh is distinctly smaller than either the fifth or sixth (fig. 3). The 
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proportional lengths of all the joints are nearly as in the annexed 
formula— 


Number of the joints, SeaDream. Gre 7 oS 
Proportional length of the joints, 22 °28°25:°24°6°9:4°18 

The antenne and mouth organs are similar to those of /dya furcata. 
The first pair of thoracic feet resemble those of /dya furcata, but the seta 
that springs from the end of the first joint of the outer branches is short 
and straight, and none of the terminal or sub-terminal sete bear secondary 
spine-like apical cilia so characteristic of 7dya furcata and one or two 
other members of the genus. The second joint of the inner branches is 
proportionally stouter than the same joint in /dya furcata, and the 
terminal claws are long and slender instead of being short and moderately 
stout. Moreover, the spines on the inner and outer aspects of the second 
basal joint are also small and slender (fig. 4). The second, third, and 
fourth pairs of swimming feet are rather more slender than the same 
appendages in /dya furcata (tig. 5). The fifth pair of feet have the 
second joint long and slender, and the margins do not appear to be 
ciliated ; the seta which springs from the inner angle, and also that 
which springs from the outer angle, of the basal joint are long and slender, 
while the terminal setz of the secondary joint are also elongate (fig. 6). 
The abdomen is elongate, being equal to nearly two-thirds of the length 
of the thorax; the first and second segments appear to be, at least partly, 
coalescent ; their combined length is equal to half the entire length of the 
abdomen ; the last abdominal segment is very small. The caudal furca 
are short, and about as long as broad. 


Habitat.—Loch Fyne and Firth of Clyde. Generally distributed, and 
apparently not very rare. 


Remarks.—This distinct species of Jdya appears to be unlike any 
previously described member of this genus. The two most prominent 
characters by which it may be distinguished from all closely allied species 
are—(1) The armature of the first pair of thoracic feet, and especially the 
long terminal spines of the inner branches, and (2) the long slender fifth 
feet. Jdya cluthe may by these two characters be distinguished at a 
glance even without dissection. Like other forms of /dya, this one bears 
a comparatively large ovisac. Both males and females have been 
obtained, and both are equally distinct. Hitherto this species has 
occurred only in moderately deep water. 


Monstrilla dane (1), Claparéde. 


Several specimens of Monstrilla, all of which appear to belong to the 
same species—viz., Monstrilla dane, Claparede—have been obtained 
during the past year. They are all from the Clyde district, chiefly Upper 
Loch Fyne and Kilbrennan Sound. Usually one or two, rarely three or 
four, specimens were obtained in a single gathering. 


The gatherings in which Monstrilla was observed were from the follow- 
ing stations :—Station II. (three specimens), Station III. (one specimen), 
Station IV. (two specimens), Station VI. (three specimens), Station 
XIII. (two specimens), Station XIV. (four specimens), Station XVIL., 
two gatherings (one specimen each). These gatherings were all collected 
in August and November 1898. 


262 Part IT[.—Seventeenth Annual Report 


Dermatomyzon nigripes (Brady and Robertson). 


1875. Cyclopicera nigripes, Brady and Robertson, Brit. Assoc. 
Report p. 197. | 


This fine species occurred in only one of the gatherings at present 
under consideration—viz., in a bottom tow-net gathering from Station 


XV. (Moray Firth), collected 20th November 1897. 


Rhynchomyzon purpurocinctum (T. Scott). 


1893. Cyclopicera purpurocinctum, T. Scott, Eleventh Ann. Rep. 
Fish. Board for Scot., Part III., p. 209, Pl. III., figs. 29-40. 


This well-marked species was obtained in the gathering from Station 
XV. (Moray Firth), in which Dermatomyzon nigrtpes occurred, and in 
another collected at Station II., also in the Moray Firth, 5th November 
1897. In this species the last three thoracic segments are of a dark 
purple colour. Dr. W. Giesbrecht has found Rhynchomyzon pur- 
purocinctum in Naples Bay. 


Neopontius angularis (T. Scott). 


1898. Neopontius angularis, T, Scott, Sixteenth Ann. Rep. Fish. 
Board for Scot., Part III., p. 271, Pl. XIV., figs. 1-11. 


This species was described in 1898 from specimens obtained at Otter 
Spit, Upper Loch Fyne. I have now to record it from a bottom tow-net 
gathering from Station IV. (Kilbrennan Sound), Firth of Clyde, 
collected 24th August 1898 (27-29 fathoms). 


Bradypontius papillatus (T. Scott) (Pl. XL, fig. 21; Pl. XIL., figs. 7-15). 


1888. Artotrogus papillatus, T, Scott, Sixth Aunual Report of 
the Fishery Board for Scotland (Appendix), p. 232, Pl. VIIL., 
figs, 7-12. 


1895. (?) Bradypontius chelifer, Giesbrecht, Ann. and Mag. Nat. 
Hist., ser. 6, vol. xvi. p. 183 (August 1895). 


This species, described in 1888 in the Sixth Annual Report of the 
Fishery Board for Scotland, has recently been re-examined, and some 
further details of structure have been elucidated which I now propose to 
notice by way of supplementing the original description. 

The length of the specimen figured is 1‘2mm. (,), of an inch). The 
first thoracic segment is equal to rather more than half the length of the 
thorax and abdomen combined ; the abdomen is moderately elongate, and 
the furce are rather longer than broad. In general appearance this species 
somewhat resembles Cribropontius normani (B. and R.) (fig. 7, Pl. XII.). 

The antennules are eight-jointed. The first and second joints are elon- 
gate; the third to the seventh are comparatively short; while the last is 
about twice the length of the penultimate joint (fig. 8, Pl. XII.). The 
proportional lengths of all the joints are approximately as shown by the 
formula— 


Numbers of the joints, Ae Bt aN NO eg eae 
Proportional lengths of the joints, 36°50°18-°10°14°12-°16° 34 


A moderately long asthetask springs from the end joint, as shown in 
the figure. 

The antenne are apparently four-jointed, and a very small secondary 
branch bearing two minute hairs springs from the end of the second joint 


of the Fishery Board for Scotland. 263 


(fig. 9, Pl. XIT.). The mandibles are long and slender (fig. 10, Pl. XIT.). 
Figure 10a represents the apical portion of one of the mandibles greatly 
enlarged, which somewhat resembles the apical portion of the mandibles in 
Bradypontius magniceps (Brady). The maxillze resemble very closely 
those of Dyspontius striatus, Thorell, but the inner lobe is slightly longer 
than the outer, and the terminal sete appear to be shorter than those of 
the maxille of that species (fig. 11, Pl. XII.). The first joint of the 
anterior foot-jaws is large and robust, but the second is elongate and 
slender, somewhat dilated at the extremity, and armed with a short, 
stout, and finger-like subapical claw (fig. 12, Pl. XII.). The posterior 
foot-jaws have the first and second joints moderately robust, but the 
end joints are somewhat slender, and terminate in a short, stout claw, as 
shown in the figure (fig. 13, Pl. XII.) 


In the first pair of swimming feet, which are moderately stout, the 
outer and inner branches are nearly of equal length. The outer branches 
are armed exteriorly with short, stout, dagger-like marginal spines, and 
the interior marginal sete are one on the second and five on the last 
joint. The inner branches are furnished with one seta on the inner 
margin of the first joint, and two on the second joint ; while the third 
joint has five setae on the inner margin and apex, and a small one on the 
outer margin (fig. 14, Pl. XIT.). 


In the fourth pair the outer branches are stout and elongate; the 
first and second joints have each one marginal seta; the third joint 
bears five marginal sete, and is also armed with a moderately large 
sabre-like terminal spine in addition to the small spines on the outer 
margin ; the inner branches, which are three-jointed, and scarcely reach 
to the end of the second joint of the outer branches, are slender, and 
provided with only a few minute hairs on the margins and two small 
apical spines (fig. 15, Pl. XII). 


Fifth feet small, one-jointed, subquadrate, each of them furnished with 
one small marginal and two short apical sete. There is also close to 
each foot exteriorly a long seta with a slightly dilated base which 
springs from the edge of the segment to which the fifth feet are attached 
(fie 2 1) Els) xale: 


Habitat.—Firth of Forth. Rare. No males observed. 


Remarks.—As already stated, this specimen was first partly described 
and figured in the Appendix to the Sixth Annual Report of the Fishery 
Board for Scotland, published in 1888. It was described under the 
name of Artotrogus papillatus, but some doubt was expressed as to its 
being a true Artotrogus. No more specimens having been observed, the 
interest in the species passed away, and it was practically forgotten. 
Recently, however, my son got hold of the original specimen from which 
the species was described, and with the assistance of Dr. W. Giesbrecht’s 
work on the ‘ Diagnosis, Synonymy, and Distribution of the Ascomy- 
zontide” made a careful examination of the characters by which the 
species is distinguished, as well as a series of delineations illustrating its 
principal appendages. ‘The description given above is the result of this 
extra research. From the additional information that has been obtained 
by this re-examination, there can be no doubt that our species is a true 
Bradypontius. It agrees perfectly with Dr. Giesbrecht’s definition of 
that genus. It may also be identical with the species described by Dr. 
Giesbrecht under the name of Bradypontius chelifer from the Bay of 
Naples, and, if so, the distribution of the species will be very considerably 
extended. 
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AMPHIPODA. 


A few of the Amphipods observed in the tow-net and other gatherings 
forwarded to me from the “ Garland” may now be referred to. 


The Hyperiide were of rare occurrence in the tow-net gatherings 
forwarded from the Clyde or Moray Firth during the past year. 
Hyperia galba (Mont.), Hyperoche tauriformis (Bate), and Parathemisto 
were observed in one or two of the Moray Firth gatherings, but in those 
from the Clyde only Hyperoche and Parathemisto were observed, the 
one from Stations I. and VIII. in both the surface and bottom tow-net 
gatherings, and the other from Station VII. 


The Orchestiide observed include Orchestia mediterranea, a species 
that appears to be of rare occurrence in the Clyde district. One or two 
specimens were obtained amongst decaying sea-weed, on the shore 
between Fairlie and Hunterston in September. Orchestia mediterranea 
is readily distinguished from the more common Orchestia littorea by the 
form of the hands of the second gnathopoda in the male; in these 
appendages the propodos are triangular instead of ovate; the palm, 
which is almost straight, extends from near the base of the propodos, and 
has a triangular tooth-like projection anteriorly near the origin of the 
claw. The claw is long and somewhat sinuate, and nearly of the same 
length as the palm (figs, 9-11, PJ. XIII., represent the anterior and posterior 
enathopods and one of the posterior pereiopods). 


Only two specimens of this species have been recorded from the Clyde 
district by the late Dr. Robertson in Part I. of his Catalogue of Clyde 
Amphipoda and Isopoda. One of these he discovered at the west end of 
Cumbrae; the other was sent to him by Mr. John Smith, Kilwinning, 
who obtained it at the mouth of the Garnock. 


A number of Amphipods belonging to the Lysianasside have been 
observed. I will, however, refer to only one of them—viz., the curious 
Normanion quadrimanus (Bate and Westwood), a single specimen of 
which was obtained in a bottom tow-net gathering from Station L, 
Firth of Clyde (near Davaar Island), collected 15th December 1898. 
In Part II. of the late Dr. Robertson’s Catalogue of the Clyde 
Amphipoda, that author records having, along with the Rev. Dr Norman, 
captured Normanion off Farland Point, Cumbrae, which seems to be 
the only previous record of its occurrence in the Clyde. Professor Sars 
has shewn that WV. quadrimanus is parasitic in its habits, and states that 
he has found it in great abundance clinging to the skin of fishes (both 
living and dead) caught on a fishing line set in deep water. It may, 
therefore, be found to be more common in the Clyde than it has hitherto 
appeared to be if a careful examination were to be made of the fishes 
caught in the deeper parts of the estuary. 


The Ampeliscide were represented in recent tow-net gatherings from 
the Clyde by one or two moderately rare forms, such as Ampeltsca 
levigata, Lilljeborg ; Ampelisca spinipes, Boeck ; and Haploops tubicola, 
Lilljeborg. 


Amongst the Phoxocephalide the only species that need be referred to 
is Harpina crenulata, Boeck. Four specimens of this Amphipod were 
obtained in a gathering of Crustacea dredged in Campbeltown Loch 
(Cantyre) in 1897, This appears to be the first record of H. crenulata for 
the Clyde, 
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Argissa hamatipes (Norman)—one of the Pontoporeiidze—occurred 
sparingly in tow-net gatherings from the Clyde district as well as from the 
Moray Firth, Both male and female specimens were observed. 


The curious Stegocephaloides christianensis (Boeck) occurred in a bottom 
tow-net gathering collected in the Clyde at Station XVII. (Upper Loch 
Fyne) on 7th December 1898, This species appears to be somewhat 
rare in the Clyde district. 


Amongst the Amphilochidze the somewhat rare Amphilochus tenuimanus, 
Boeck, was obtained in a bottom tow-net gathering from Station VIL, 
Firth of Clyde, collected at night on 23rd September 1898. A. tenwi- 
manus is recorded in Dr. Robertson’s Catalogue, Part I, page 28. 


Amphilochoides odontonyx (Boeck).—Amphilochoides pusillus, Sars, 
was obtained in the Clyde at Stations III., [V., VII., and IX., but only 
in bottom tow-net gatherings; while Gtana sarsi, Boeck (another of the 
same family of Amphipoda), occurred in a gathering from Station VI. 
collected on 25th August 1898. 


The family Stenothoids was represented in the tow-net gatherings from 
the Clyde by Stenothoé marina (Spence Bate), Cressa dubia (Spence 
Bate), and one or two other forms ; and in a gathering from Station XY. 
Moray Firth, Stenvthoé marina, Metopa robusta, G. O. Sars (a species 
recorded from the Moray Firth a few years ago in “ Ann, and Mag. Nat. 
Hist.,” ser. 6, vol. xiil., p. 148, February 1894), and Cressa dubia (Spence 
Bate). In Metopa robusta—the record of which in 1894 appears to be 
the first for Britam—the form of the first gnathopoda is quite distinct 
from that of the same appendages of any other British species except, 
perhaps, Metopa polexiana. 


Monoculodes packardi, Boeck, occurred in a gathering from Station 
XVII. (Upper Loch Fyne) collected on 7th December 1898 ; and Synche- 
lidium brevicarpum (Spence Bate) at Station IV. (Kilbrennan Sound, 
Firth of Clyde) on 24th August 1898. 


Epimeria tuberculata, G. O. Sars. Two specimens of this fine species 
were obtained in a gathering from Station IV., Firth of Clyde, on Ist Sep- 
tember 1898. Epimeria tuberculata, which appears to be a rare species 
in the Clyde, was added to the British fauna about two years ago. 


Eusirus longipes, Boeck, was obtained from the Clyde in gatherings 
Stations VI., VIL, and VIII. It occurred in one gathering from Station 
VLI., collected on 25th August 1890 ; in two other gatherings from Station 
VIL., collected on 3rd September and 24th September ; and in one from 
Station VIII., collected on the 29th of the same month. 


Guernea coalita (Norman). ‘This curious little species was observed in 
washings of material dredged at Station VI., Firth of Clyde. The same 
species has been captured off Millport by the late Dr. Robertson, and is 
recorded in Part II. of his catalogue of Clyde Amphipoda and Isopoda ; 
and his appears to be the only previous record of the occurrence of G. 
coalita for the Clyde. 


Melphidippella macera (Norman). This Amphipod, though obtained 
occasionally in tow-net gatherings, is apparently scarce, as only one or a 
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very few specimens are found in any single gathering. It occurred in four 
of the series of gatherings at present under consideration, all the four 
being from the Clyde, viz. :—In a gathering from Stations III. and IV., 
collected on 24th August 1898; in a gathering from Station VIL. collected 
on 24th September; and in one from Station VIII., collected on 29th 
of the same month. . 


Photis longicaudatus (Spence Bate) occurred sparingly in a gathering 
from Station IV., Firth of Clyde. 


Amongst the Podoceridze Podocerus palmatus, Stebbing and Robertson, 
and Podocerus pusillus, G. O. Sars, have been obtained in tow-net 
gatherings from the Clyde—the first in a gathering from Station VII. 
collected on 24th September 1898, and the other in a gathering from 
Station VI., collected on lst September. 


Unciola planiceps, Norman, was obtained in the same gathering from 
Station VI. in which Podocerus pusillus just recorded occurred. Unciola 
appears to be an addition to the Amphipod fauna of the Clyde. 


ISOPODA. 


The following are a few of the more interesting of the Isopoda that 
have been observed in tow-net and other gatherings recently examined. 
Those from the Clyde are, Leptognathia breviremis, Lillejeborg, collected 
at Station XII., between the south end of Arran and the Ayrshire coast ; 
Leptognathia brevimana (Lilljeborg), at Station VI., lst September 1898. 
Another closely allied species—Tanaopsis laticaudata, G. O. Sars—was 
moderately frequent amongsta gathering of material from Campbeltown Loch 
(Cantyre) collected in May 1897. Munna boecki, Kroyer, which is larger 
than Munna kroyert, Goodsir, and apparently more frequent in the 
Clyde, has been obtained at Whiting Bay, and one or two other places. 
Both Munna boecki and Munna kroyert have been observed in the 
Moray Firth district. 


Paramunna bilobata, G. O. Sars, recorded for the Clyde in 1894, by 
the Rev. A. M. Norman (Ann. and Mag. Nat. Hist. (6), vol. xii. p. 
280, footnote), was obtained at Station IV. (Kilbrennan Sound). It has 
already been recorded for Loch Fyne in Part III. of the Sixteenth Annual 
Report of the Fishery Board for Scotland. 


Pleurogonium rubicundum, G. O. Sars, was recorded by the Rev. A. 
M. Norman, for the Clyde, in 1894, in the same footnote in which Para- 
munna is recorded (see reference under that species), and is, so far as I 
know, the only record for the Clyde hitherto. Pleurogonium inerme, G. 
QO. Sars, has been obtained in a gathering from Campbeltown Loch (Can- 
tyre), collected in 1897, and in one from Station IV. (Kilbrennan Sound), 
collected on 24th August 1898. Pleurogonium spinosissimum, G. O. 
Sars, another of these minute Isopods, has been recorded for the Clyde 
by the late Dr. Robertson, of Millport. 


Pseudione crenulata, G. O. Sars (a parasite of Munida rugosa), 
apparently new to Britain, and Pseudione affinis, G. O. Sars (parasite on 
Pandalus montagut), have both been observed in the Clyde, while Bopy- 
roides hippolytis (Kroyer) has been obtained in the Moray Firth. 
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Microniscus. The little parasite known by this name, and which, in 
the tow-net gatherings of the ‘‘ Garland,” is sometimes found clinging to 
Calanus, Pseudocalanus, and other Copepods, has just been shown by 
Prof. Sars (“‘Crustacea of Norway,” vol. ii., p. 218-220, 1898) to be one 
of the post-larval stages of a species of Phryxus. In my paper on the 
“Marine Fishes and Invertebrates of Loch Fyne,” published in the 
Fifteenth Annual Report of the Fishery Board for Scotland (p. 136, 1897), 
attention was directed to the close resemblance between Microniscus and 
the young of Phryxus fusticaudatus, Spence Bate, but no definite opinion 
was expressed as to the relationship between them. Probably more than 
one kind of Bopyrus is represented by these Micronisci, but it may, at 
this stage, be difficult to distinguish the one kind from the other. 


CUMACEA. 


Several interesting Cumaceans have been observed during the examina- 
tion of tow-net gatherings recently collected, the following of which may 
be referred to :— 


Lamprops fasciata, G. O. Sars, has been obtained sparingly in a 
gathering from the Cromarty Firth. Hemilamprops rosea, Norman, 
occurred in a gathering from Station IV. (Kilbrennan Sound), Firth of 
Clyde. Leucon nasicus, Kroyer, was obtained in a gathering from 
Station XII. (Firth of Clyde), depth 40-43 fathoms. Hudorellopsis 
deformis (Kroyer)—a curious little Cumacean—was taken at Stations 
VII. and VIII, Firth of Clyde, in moderately deep water. Hudorella 
truncatula (Spence Bate) occurred in gatherings from Clyde Stations 
VIL. and VIIL., and Hudorella marginata (Kroyer) in a gathering from 
Station XII. 


Campylaspis rubicunda, Lillejeborg, was obtained in gatherings from 
Clyde Stations XII. and XVII. Cumella pygmea, G. O. Sars, occurred 
in a gathering from Station IV. (Kilbrennan Sound), Firth of Clyde, 
24th August 1898, and in one from Station XV. Moray Firth, 15th 
November 1897. 


Cuma pulchella, G. O. Sars, though only recognised within recent 
years as a member of the British fauna, has apparently a wide distribution 
around our shores. It was obtained in the Firth of Forth in 1889-90, 
and recorded in Part III. of the Eighth Annual Report of the Fishery 
Board for Scotland, p. 329, and afterwards in the Liverpool Bay District 
(Kighth Annual Report of the Liverpool Marine Biological Committee, 
p. 25). I have now to record its occurrence in the Clyde, having ob- 
tained one or two specimens in some washings of dredged material from 
Station VI. As pointed out by Dr. Norman, the first joint of the seventh 
foot is furnished with a series of backward-directed tooth-like processes, 
by which character C. pulchella may be distinguished from its congeners, 


SCHIZOPODA. 


The Schizopoda, though plentiful in some of the gatherings, were 
usually limited to a few species, amongst which the Euphausiide were 
the most numerous. The Schizopod usually of most frequent occurrence 
in the Clyde and Loch Fyne gatherings is Boreophausia raschii, but in 

s 
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the Moray Firth Thysanoessa neglecta, Kroyer, is frequently the pre- 
vailing form.*  Nyctiphanes norvegicus, which is also of frequent 
occurrence, and of large size, in Loch Fyne, is generally comparatively rare 
in the Moray Firth and in the Firth of Forth. This Vyctiphanes, though 
occasionally met with in considerable numbers in other parts of the Clyde 
district, seldom attains such a large size as it does in Loch Fyne. 


Erythrops serratus and Hrythrops elegans have been obtained in 
gatherings collected during the past year both in the Clyde and in Loch 
Fyne, but neither have been observed in the Moray Firth. L£rythrops 
serrata formed part of the contents of a hake’s stomach captured at 
Station XIV. (Loch Fyne). The Epicarid parasite Aspidoecia Normannt, 
Giard and Bonnier, was obtained on Erythrops elegans at Station VIL., 
September 1898. 


Siriella norvegica, G. O. Sars, was obtained at Station VIL (Firth of 
Clyde). The Sirielle, though represented in the Clyde by at least four 
species, are usually of rare occurrence, so that even the commoner forms 


are worth recording. Suzrella norvegica is one of the less familiar of the 
British Strielle. 


Schistomysis ornatus, G. O. Sars, and Hemimysis lamornee (R. Couch) 
has been occasionally met with in the Clyde tow-net gatherings during 
the past year. The first has been obtained in gatherings from Stations 
VII. and VIII., near the mouth of the estuary, and from Stations XIV. 
and XVII. in Upper Loch Fyne ; the other was obtained in a gathering 
from Station VII. 


Leptomysis gracilis, G. O. Sars, and Leptomysis lingaura, G. O. Sars, 
were also obtained in Clyde tow-net gatherings recently examined. Lep- 
tomysis gracilis occurred in a gathering from Station VIII., and Lepto- 
mysis lingvura in two different gatherings from Station VIL, and in 
gatherings from Stations XIV. and XVII. 


Mysidopsis gibbosa, G. O. Sars, Mysidopsis didelphys (Norman), and 
Mysidopsis angusta, G. O. Sars, have all occurred in gatherings recently 
collected in the Clyde and Upper Loch Fyne. Mysidopsis qibbosa was 
obtained in gatherings from three stations, viz., Stations VII., VIII, and 
XVIL; Mysidopsis didelphys in a gathering also from Station X VIL, and 
Mysidopsis angusta in one from Station VIII. 


Before concluding these notes on the tow-net gatherings collected on 
board the “Garland” and forwarded for examination, it may be of 
interest to refer to a young form of crustacean which is sometimes met 
with in these gatherings. | 

The study of the changes of form to be met with in the life-history of 
the Crustacea is a profoundly interesting one. ‘The variations of form 
observed in the different species are sometimes so perplexing that they 
have occasionally puzzled even experienced students. Numerous larval and 
young forms are now and again captured in the tow-nets, but usually 
they belong to species that are fairly well known. It sometimes happens, 
however, that specimens are obtained which are not so easily disposed of, 
and I now draw attention to a curious form which is occasionally noticed 

* Thysanoessa neglecta has recently been observed in the Clyde. It occurred in a tow- 
net gathering from Station X., collected on the 16th of January last. An exposition of 
the characters which distinguished +his from the closely allied species, 7. longicaudata. 


will be found in Rev, Dr. A. M. Norman’s excellent “ Revision of the British Schizopoda,” 
published in the ‘‘ Annals and Magazine of Natural History,” June-September 1892, 
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in tow-net gatherings from the Clyde—the only Scottish locality where it 
has as yet been observed. The form referred to, which in general appear- 
ance is not very unlike the widely distributed crustacean known as 
Lucifer, has been known for a considerable period ; it was described 
and figured under the name of T'rachelifer, by the late Mr. George 
Brook in 1888*, but is evidently immature, and there is still 
some doubt as to the species to which it really belongs. The neck 
of this young form is long and slender; the thorax is small, and is 
furnished with more or less rudimentary appendages; the slender 
abdomen is more than twice the length of the neck, and the last 
abdominal segment is as long as all the other segments of the abdomen 
put together ; the telson and uropods are comparatively short, and more 
or less rudimentary. Figure 16, Pl. XII, represents one of the Clyde 
specimens, which measured over all about 16°5 millemetres (% of an inch). 
The specimens that have been observed vary in length to a small extent, 
but all possess the same slender Lucifer-like form. 


Habitat.—Station VII., Firth of Clyde. (I have also a specimen from 
Loch Fyne collected in 1886.) 


Additional Remarks.—Figures 17 to 20, Plate XII., exhibit on a some- 
what enlarged scale portions of the Lucifer-like crustacean referred to above. 
In fig. 17, which represents the front part of the cephalic segment, the eyes 
are large and somewhat divergent; the triangular rostrum is slightly shorter 
than the eyes; both pairs of antennz are slender and elongate; the 
antennal scales are also slender and rather shorter than the basal part of 
the antennules. Fig. 18 represents what appears to be one of the first 
pereopods. In the specimen dissected this was the only pair that 
had the extremities of the principal branches chelate ; all the other trunk 
legs appear to be simple. Fig. 19 represents one of the first pair of 
abdominal appendages, which are all more or less rudimentary; each 
appendage consists of a single unjointed branch, with a furcated 
extremity. Fig. 20 represents the posterior end of the last abdominal 
segment, together with the uropods and telson; the appendages of the 
last abdominal segment form tapering and slightly curved processes; the 
uropods are foliaceous, and little more than half the length of the telson ; 
the telson is comparatively of large size. In the specimen dissected for 
drawing, the telson was somewhat imperfect. The extremity is therefore 
indicated by dotted lines, but in another specimen in which the telson 
was fairly perfect the following characters were observed :—The terminal 
lateral processes had each two small teeth on the inner margin, and the 
part between the lateral processes was furnished with twenty-two short 
and slender marginal spines ; the two middle spines were rather shorter 
than the others ; and there was a slight but perceptible gradation in the 
length of those on each side of the two central ones, the spines nearer 
the centre being somewhat shorter than those more distant. The larva 
above referred to was described by Claus as eine in vieler Hinsicht merk- 
wiirdigen Larve in a paper Zur Kenntniss der Kreislaufsorgane der Schizo- 
poden und Decapoden, in Arb. d. z. Inst. Univ. Wien. V. 1884, p. 302 
(32), Pl. VIIL, figs. 48-50. The same writer subsequently described a 
somewhat more advanced specimen as the larva of Calliaxis adriatica, 
Heller, ibid. VI. 1886, p. 63, Pl. V., fig. 45. The identity of Brook’s 
Trachelifer with Claus’s Calliaxis—larva is pointed out by Korschelt 
and Heider, Lehrb. d. vergl. Entwicklunysgesch. d. wirbell. Th., L, 
p- 471. Calliaxis is not yet known as a British form, being only known 
from the Adriatic and from Naples: at the latter station the larva is met 
with in the surface-fauna, but the adult has only been found once in 25 
years (S. Lo Bianco, Mitth, Zool. Stat. Neapel. XIIT., p. 503, 1899). 
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ADDITIONAL NotTEsEs. 


Shortly after the MS. of this paper had been sent to the printer I had 
the privilege of perusing the sixth portion of Das Tierreich, which has 
recently been published. This portion contains a revision of the Copepoda 
belonging to the sub-order Gymnoplea by Giesbrecht and Schmeil; several 
of the species of Copepoda mentioned in this paper belong to the same 
sub-order, and on comparing these with the revision referred to I find 
that the names of four of them have been somewhat altered, as follows :— 


Bradyidius armatus (Brady),—Corrected name, Bradyidius armatus 
(Vanhoffen). 


Eurytemora lacinulata (Fischer).—Corrected name, Hurytemora velox 
(Lillj), Brady. 


Metridia hibernica (Brady and Robertson).—Corrected name, Metridia 
lucens, Boeck. 


Candace pectinata, Brady.—Corrected name, Candacia pectinata, Brady 


EXPLANATION OF THE PLATES. 


PLATE X. 
Scolecithrix pygmea, sp. n. 
Fig. 1. Female, lateral view  . ; : : : j 4. ee 
Fig. 2. Antennule : f : : é ; ; 2+) SaaGE 


Fig. 3. Anterior foot-jaw : : ; ' : , 4 pesso. 


Fig. 4. Posterior foot-jaw : : ‘ ; ; 3 . SR: 
Fig. 5. Foot of first pair of swimming-feet . ; 3 wi) AXes@s 
Fig. 6. Foot of fourth pair : : : : : ane a1 ("5 
Fig. 7. Fifth pair of feet, male (r., right; 1., left branch) . : “fh | oad Bie 
Fig. 8. Abdomen and caudal furca, female, dorsal view. ‘ oo) LOO, 
Fig. 9. Abdomen and caudal furca, male, dorsal view ; : . xi1s¢ 


Scolecithrix hibernica, A. Scott. 


Fig. 10. Fifth pair of feet, male . : ; : : : . ae 


Cylindropsyllus farrliensis, sp. n. 


Fig. 11, Female, lateral view. : , ; ; . ti 
Fig, 12. Mandible . : ; : ‘ . #60; 
Fig. 18, Maxilla . ; : : . : , . x FOR 


Fig. 14. Posterior foot-jaw : : : . + ~ KaGD, 
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Leptocuris minutus, gen, et sp. Ne 
Female, lateral view 
Antennule,’ female 
Antennule, male . 
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. Posterior foot-jaw 


PLATE XI, 


Cylindropsyllus fairliensis, sp. Ne 


. Antennule 
. Antenna 


. Foot of first pair of swimming-feet 


Foot of fourth pair 


. Foot of fifth pair . 


. Last abdominal segment, and caudal furca 


Leptocarnis minutus, gen, et sp. n. 


. Foot of first pair of swimming-fee% 
. Foot of fourth pair 


. Foot of fifth pair, female 


Foot of fifth pair, male . 

Last abdominal segment, and caudal furca 
Cletodes perplexa, sp. 0. 

Female, Jateral view 

Antennule 

Mandible . 

Anterior foot-jaw 

Posterior foot-jaw 

Foot of first pair of swimming-feet 

Foot of fourth pair 

Foot of fifth pair, female 

Foot of fifth pair, male . 
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Bradypontius papillatus (T. Scott). 


Foot of fifth pair . 


PLATE XII, 


Cletodes perplexa, sp. n, 


. Caudal furca 


Idya cluthe, sp. n. 


. Female, dorsal view 


. Antennule 


Foot of first pair of swimming-feet 


. Foot of fourth pair 


Foot of fifth pair . 


Bradypontius paptilatus (T. Scott). 


. Female, dorsal view 


Antennule 


. Antenna 


Mandible . 


. 10A.Extremity of mandible . 


Maxilla 


. Anterior foot-jaw 
. Posterior foot-jaw 


. Foot of first pair of swimming-feet 


Foot of fourth pair 


Larva of Calliaxis (Trachelifer). 


. Specimen, showing side view 


Head, showing antenne, etc. 


. One of first pereopods : 


One of the abdominal appendages 


Telson and uropods 


«260, 


x 250. 


x 53. | 
x 190. fa 
x 380. 
x 258. | : 
1520. 1 
x 380. | 
x 190, 
x 190. i 
x 190. 


x 190. 


t‘EPORT, 1899. 


PLATE xX. 


Fia. 10.—Scolecithria hibernica. 
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Figs. 11-14.—Cylindropsyllus fairliensis. 


Fies. 1-9.—Scolecithrix pygmea, 


| F. B. REPORT, 1899. 
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PLATEXI. 


Figs, 7-11.—Leptosoma minuta.. 
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Fig. 21.—Bradypontius papillatus. 


B. REPORT, 1899. 
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Fia. 1.—Cletodes perpleaa. Figs. 2-6.—Idya eluthe, 
Fias, 7-15.—Bradypontius papillatus. Fics. 16-20.—Trachelifer. 


PLATE Xi. 


PLATE AXlll. 


LS, 


F. B. REPORT, 1899. 


Mer tin 


ics. 1-4.—Diaptomus lacinatus. Fias. 5-8.—-Diaptomus hircus. Fics. 9-11.—Orchestia mediterranea. 
Fics. 12-19.—Psyllocamptus fairliensis. Fics. 20-22,—Delavalia giesbrechti, var. Fic. 28.—Ceriodaphnia quadrangula. 


A. Scott, del. 
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PLATE XIII. 


* Diaptomus laciniatus, 


Fig. 1. Female, dorsal view ; : ; : i eae hee 
Fig. 2. Foot of fifth pair, female : : wn Glo: 
Fig. 8. Foot of fifth pair, male . ; : ; PB eis i bef i 
Fig. 4. Last three joints of right antennule, male. ; a exeL80, 


* Diaptomus hircus, Brady. 


Fig. 5. Female, dorsal view : ; ; : ae Sx 22, 
Fig. 6. Foot of fifth pair, female ; s : . : :. .% 2598, 
Fig. 7. Foot of fifth pair, male . ‘ : : 3 : se Grea fe 
Fig, 8. Last three joints of right antennule, male. , oe sO. 


Orchestia mediterranea. 


Fig, 9. One of the anterior gnathopods : : : , oan oe 
Fig. 10. One of the posterior gnathopods : ; : : wi KES. 
Fig. 11. One of the last pair of pereeopods ; ! sicle SOuk Os 


Pysllocamptus fairliensis, 'T. Scott. 


Fig. 12. Female, side view : : : ; : . aot XehOOS 
Fig. 13. One of the antennules, female . : ; : 5 ee Xr £008 
Fig. 14. One of the antennz : , : ; : . 456, 
Fig. 15, One of the mandibles. ; : ; A en DeOUr 
Fig. 16. Foot of first pair of swimming-feet — - : ; T8566. 
Fig. 17. Foot of fourth pair of swimming-feet . : : : a) #406; 
Fig. 18. Foot of fifth pair . : : : j : . 880. 
Fig. 19. Last abdominal segment, and caudal furca . , : Jr i190, 


— 


Delavalia giesbrechti, var. 


Fig. 20. Foot of first pair ofswimming-feet —. : : > 5380; 

Fig. 21. Foot of fifth pair . ; ; : : a, x 88G. 

Fig. 22, Last abdominal segment, and caudal furca é vec OO: 
* Ceriodaphnia quadrangu.a, var. 

Fig. 23. Post-abdomen of female . ; : ; oy Glo 


* Reference to these species will be found in my paper on the Fresh-Water Lochs of Scotland in 
this Report. 
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VII. THE NATURAL HISTORY OF THE HERRING. 


By Pror. Dr. Frieprich Herncxeg, Director of the Biological 
Station, Heligoland. 


Abstract by H. M. Kyiz, M.A., B.Se., Exhibition Science Scholar, 
St. Andrews. 


‘Although the herring, principally from its great commercial import- 
‘‘ance, has formed the subject of probably more investigation, and of a 
‘consequent literature both popular and scientific, than any other sea fish, 
‘the too general manner in which most of these investigations have been 
“conducted has led to the most contradictory results, and very little 
‘to the real advance of our knowledge of the natural history ofthe fish 
“itself.” Thus wrote J. Duncan Matthews in 1885 and, as might be 
expected, the literature has considerably increased since then, but the 
general manner of the investigations and the observations have under- 
gone a complete change, becoming more and more accurate and minute, 
with consequently further-reaching results. 

Matthews, however, made one exception, namely the work of Dr. 
Heincke, who in 1878 and again in 1882 had published the results of 
several years’ study of the herring of the Baltic and North Seas. These 
studies were not completed with these publications, and the research has gone 
on, fostered by the German Sea-fisheries Association, year after year, until 
now in the present year a further large work has appeared. If it has 
taken so many years to bring this work to maturity, and if, as can easily 
be seen to be the case, the volume of results has increased, and the 
accuracy of which Matthews spoke become more perfect, then on those 
grounds alone this work of Heincke’s demands the attention of naturalists 
in Great Britain, and of all those who take an interest in or are connected 
with sea fisheries. For naturalists, moreover, there is something of even 
greater interest than the results— the method, namely, which has gradually 
changed and become perfected as the subject developed in the mind of 
Dr. Heincke, so that it has been brought into line with the more advanced 
ideas in biological science. Dr. Heiucke has been aided further by the 
criticisms of his earher work which have appeared since its publication, 
and one can rely upon finding all those criticisms considered and 
answered in this present work. 

The magnitude of the research may be understood from the fact that 
over 6000 herrings and sprats have been examined, and over 100,000 
measurements taken. 

With such a volume of work before one, all of it important, it is diffh- 
cult to choose, for a brief abstract, what should be chosen, without ranning 
the risk of being too prolix, but in order to preserve historical continuity 
somewhat, it will be better to take up the work of Matthews, and show 
wherein the present work difters both with regard to method and conclu- 
sions. ‘The method of Heincke, however, will only be displayed in so far 
as is necessary for a proper comparison of the works—that is, general 
notions of it only will be given. It would take up too much space if 
details were entered upon here, and a future paper will display it in full. 

Beginning, then, with the first paper of Matthews, namely. ‘“ Report as 
to Variety among the Herrings of the Scottish Coasts,” Part I.,* the object 
sought and the results attained may be briefly mentioned. As is known, 
herring fishing goes on round the Scottish coast at two separate seasons, 
in winter, and in summer and autumn, and the desire of the author was 


* Fourth Report of the Fishery Board for Scotland, 1885, p. 61. 


of the Fishery Board for Scotland. 279 


to ascertain what relation the herring of these two seasons bore to one 
another, whether they were of one and the same stock, so that the summer- 
herring might be called the younger specimens of the same race of which 
the winter was the older, or if they were two distinct varieties. After a 
prolonged and arduous research, Matthews came to the conclusion that 
the evidence he had, though good, was not sufficient to decide the 
juestion. As a matter of fact, his conclusions, as will be shown, tended 
in favour of the second hypothesis, but because he demanded too much 
from nature, because the differences did not satisfy his ideal of what was 
necessary to give two distinct races, he preferred to leave the question 
unsolved. 


To consider now some of his results ; first, with regard to the length of 
the head, it was found that the winter-herring had a slightly longer head 
than those of the summer, but that they vary more than the latter do, and 
further that the ranges of variation overlapped. A further complica- 
tion arose when immature herring were considered as well as mature. 
Immature herring have the head relatively longer than the mature, 
and the relative size gradually decreases from young stages ouwards, 
so that the largest herring have the smallest proportionate head. 
If, then, the summer-herring were supposed to be the younger of the 
same stock as the winter-herring, the head in the latter should be 
relatively smaller, since they are the older. As a matter of fact the 
reverse is the case; the winter-herring are not only somewhat larger in 
size but have the longer head. 


Again, with regard to the position of the fins, it is shown that in the 
summer herring the centre of the dorsal fin is behind the body centre, 
whilst in the winter-herring it is in front. The anal fin, also, is further 
back (relatively to body length) in the summer- than in the winter-herring, 
aud so again for the pelvics. What has been said above with regard 
to the head in the immature and mature herrings holds also for the position 
of the fins. In the young and immature the fins are relatively further 
forward, and therefore, if the summer-herring are the younger lot of the 
same race as the winter-herring, the fins ought to be further forward. 
The reverse again is the case. Moreover, in the winter mature herring 
the length of the bases of the dorsal and anal fins is relatively greater 
than the corresponding lengths in the summer-herring. 


We might well ask now why Matthews did not consider these differ- 
ences sufficient to entitle the summer- and winter-herrings to be called two 
distinct races, seeing that they even agree with his own criterion—viz., 
the presence of two or more, not necessarily marked, characters, occurring 
generally together in the fish of certain localities and at certain seasons. 
The reasons are as follows :—Firstly, he had not examined all the varying 
characters, nor did he consider the differences, in the young, and in their 
habits, in the habits of the adults, nor the differences in their surrounding 
conditions. Secondly, he considered the differences too small. Thirdly, 
and this summer most confusing to him, the variations overlapped-—z.e., the 
common ground of variation was the same or nearly the same for both 
summer- and winter-herring. 


This cannot be gainsaid, and the greater the number of specimens 
examined, the greater is the possibility of finding this overlapping. Nor 
could it be otherwise. If the breeds of domestic animals be considered, 
or if the races of men be compared, it is seen that this overlapping 
constantly occurs, more especially where the races are closely allied, and 
yet the races are regarded as distinct. 


It becomes simply a question of how to combine the results so as to 


| 
| 
| 
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show the true meaning of this overlapping—z.e., to bring out the mean or 
average of both sets, and allow the variations to dovetail into one another 
on the one side or the other, or both. This Matthews did not attempt, 
nor could he very well at that time, but what he did was to divide up the 
grounds of variation into a number of small divisions, and arrange under 
each division the number or percentage of individuals observed to have 
this or that variation. 

An example may be given in order to show this. 


TABLE XXVL,* 


SHOWING PERCENTAGE OF MatTurE HERRINGS OF PROGRESSIVE LENGTHS 
oF Bopy, ARRANGED ACCORDING TO Ratio OF PosITION OF CENTRE OF 
Anau Fry To Bopy-LeneTH (Less Heap AnD CaupaL Fn). 


WINTER. SUMMER. 
Ratio of “751 | °763 | “774 | °785 | -796 | -807 | °818 | “829 | -751 | :763 | -774 | °785 | -796 | -807 | -818 | 829 
Fin Position to | to | to | to’! to | to to to to to to | to to | to to to 
* | °762 | °773 | °784 | °795 | -806 | 817 | *828 | °839 | .762 | 773 | °784 | °795 "806 | °817 | *828 | *S39 
mm | Pe eK DO Ne lO el oe 
| 150 to 169 tet Giel|ore lsoce | Lobaba| one aS 35 10°7 14°3 | 21°4 | 32°1 | 10°7 | 7-2 as 
| Dit inant aaa! UCUC™:”C~*# 
_ | 170 to 189} 2°9 | 12°8 | 32°8 | 21°5 | 25°77) 43] ..| | “7 | 4:2 | b°7 |-19°0"| 2955 (2225 aco 
5 | 
S| | -— ne pee na eee See Soe ee ee ee ee 
12 
\Se 190 to 209) 1°24) 44-4. | 24-3 | 24-3) 95-7419 8S | 2-91) 1-4-7 1°4 | 5:4 | 15°6 |31°3 |26°5 | 13°6| 5°5 
I MUSiiia ea ae erica. 
5 2210 to 229 10°8 | 22°9 | 22°9 | 25°3 | 14°4| 24] 12 10°S | 39°1 | 24:0 | 19°6 | 6°5 
230 to 249 2°6 | 13°2 | 29:0 | 31°6 | 21:0 EPA eee 10°0 | 10°0 | 30°0 | 20°0 | 30°0 
| | | 
Percentage of | | =: y 
| all Lengths. 9 | 9°7 | 19°8 | 26°2 | 28°3 | 11-9 | 2:2.) 1:0 | 1:0) 3°3)| 771 | 154 |-32-45) 2077 ser One 


The reasoning by which Matthews reached his conclusions should also 
be given, and as it is common for all the differences recorded, it can be 
centred round the above example. First, objection was taken to 
Heincke’s earlier method of dividing up the variability into three classes, 
which, legitimate in itself in order to display small differences, contains 
the following possibility of error or flaw :— 

“We have,” says Matthews, “in most of the characters a more or less 
“common ground of variation—7.e., a region in which the character appears 
‘“‘so commonly as to be entitled to the term normal,t and an extreme of 
“variation on one or both sides of this, and more or less great. By 
“dividing the total variation into three equal divisions we perhaps in some 
‘cases include the normal in the first, in others in the second, or it may 
“be in the third division. This would not necessarily be very confusing, 
“but further, as in some of my cases, part of the normal cases would be 
“included with one extreme of variation, part—probably an entirely 
“ different quantity—with another. If for facility in the investigation, so 
‘* few artificial divisions of variation as three are used, they should be not 
“equal in extent, but such as to cover a normal condition and an upper 
“and lower extreme of variation, except where the variation is equally 
‘* spread over the individuals.” 


*Part II., Fifth Report of the Fishery Board for Scotland, p. 295, 1887. 
+ Italics are mine. 
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If this notion of the normal condition, or average as we should call it 
now, had been rigorously worked out, there can be little doubt that it 
would not only have altered the conclusions reached by Matthews, but 
have forestalled to a certain extent the method now used by Heincke. 
The turning-point of the whole investigation, in fact, depends upon the 
rigorous determination of this normal or average condition. 

In effect, Matthews inclined in the opposite direction—dividing the 
ground of variability into more numerous divisions, with the notion, 
apparently, of showing that if two races could be taken from this field of 
variation, so might three, or even a dozen. The result was that the 
number of individuals under each heading diminished, rendering it more 
and more difficult to see any differences, for the mind cannot grasp such 
a great number of particulars. If the number of divisions be increased 
they should be increased ad infinitum, z.e. the characters should be 
represented as they are in nature. There must be some guiding principle 
in order that the mind should be able to grasp the meaning of the 
variations, and the simpler the principle the more likely is it to represent 
the reality. One can understand, then, the position of Matthews—there 
was difference, and yet no difference. At first sight one saw the 
differences ; on scrutinising closer, endeavouring to grasp the meaning of 
the variations, and endeavouring to take into account the infinite number 
of possibilities that lay outside the bounds of the observed number, the 
mind became more and more confused, and the only conscientious decision 
was to examine an enormously larger number of specimens at every 
season of the year, and for many years consecutively, before a definite 
answer could be given. And such, in fine, were the conclusions of 
Matthews. 

What, then, is the method of Heincke? Simply, to concentrate the 
attention on the normal condition or average, to carefully eliminate all 
errors likely to arise by imperfect observation or arising from different 
ages, Sex, Seasons, or regions; to get the average clear and distinct so as 
to allow it to speak for the specimens examined ; and then further, by 
the mathematical calculation of the possibility of error contained within 
it, allow it to speak for the whole tribe, or race, or even species. 

As an approximation to this method the number of divisions in the 
above Table, given by Matthews, may be reduced to two. 


Winter. Summer, 


—me 


Ratio of Fin Position. | ‘751 to ‘795 | °796 to °839 | :751 to °795 | ‘796 to °839 


M.M. 

=. | 150 to 169 50°0 50-0 50°0 50°0 
& 170 to 189 70-0 30:0 29-6 70°3 
a 190 to 209 61-4 38:6 23-1 76:9 
® 210 to 229 56:7 43°3 10°8 89:2 
re 230 to 249 44° 55-2 20:0 80:0 


Percentage of all 
Lengths. 56°6 43°4 26°8 13°2 


This Table * shows more clearly the difference between the two— 


* “ Naturgeschichte des Herings,” p. 24 et seg., on which this criticism is for the most 
part based. 
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show the true meaning of this overlapping—z.e., to bring out the mean or 
average of both sets, and allow the variations to dovetail into one another 
on the one side or the other, or both. This Matthews did not attempt, 
nor could he very well at that time, but what he did was to divide up the 
grounds of variation into a number of small divisions, and arrange under 
each division the number or percentage of individuals observed to have 
this or that variation. 
An example may be given in order to show this. 


TABLE SON Ts 


SHOWING PERCENTAGE OF Mature HERRINGS OF PROGRESSIVE LENGTHS 
oF Bopy, ARRANGED ACCORDING TO RATIO OF PosITION OF CENTRE OF 
ANAL Fry to Bopy-Lenctu (Less Heap AND Caupau Fry). 


WINTER. SUMMER. 


Fin Position. 762 | -773 


Length of Body. 


Percentage of ‘9 
all Lengths. 


Ratio of 


The reasoning by which Matthews reached his conclusions should also 
be given, and as it is common for all the differences recorded, it can be 
centred round the above example. First, objection was taken to 
Heincke’s earlier method of dividing up the variability into three classes, 
which, legitimate in itself in order to display small differences, contains 
the following possibility of error or flaw :— 

“We have,” says Matthews, ‘in most of the characters a more or less 
“common ground of variation—?.e., a region in which the character appears 
‘““so commonly as to be entitled to the term normal,f and an extreme of 
“variation on one or both sides of this, and more or less great. By 
“dividing the total variation into three equal divisions we perhaps in some 
‘“‘cases include the normal in the first, in others in the second, or it may 
‘“‘be in the third division. This would not necessarily be very confusing, 
“but further, as in some of my cases, part of the normal cases would be 
“included with one extreme of variation, part—probably an entirely 
“different quantity—with another. If for facility in the investigation, so 
‘‘ few artificial divisions of variation as three are used, they should be not 
“equal in extent, but such as to cover a normal condition and an upper 
‘and lower extreme of variation, except where the variation is equally 
‘*spread over the individuals.” 


*Part II., Fifth Report of the Fishery Board for Scotland, p. 295, 1887. 
+ Italics are mine. 


‘751 | °763 | “774 | °785 | “796 | “807 | °818 | 829 ‘751 | °763 | °774 | ‘785 | °796 | °807 | *818 | *829 
COM GO) GON Me bOp | GON etOn | mirOM Ibo) GO) bo) 1 ton sco to | to | to to 
"784 | °795 | *806 | *817 | °828 | °839 | .762 | 778 | -784 | °795 | °806 | *817 | °828 | -S39 


jeg Mme | Ze | ee MO NT TeV. Zeon ie Sly anos ta ed 
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190 to 209] 1:4 | 11:4 | 24-3 | 24°3 | 25:7] 8°6 | 29 | 1:4 | -7 | 14] 5-4 | 15°6 |81°3 |26-5 | 13°6| 5°5 
| 

210 to 229] .. | 10°8 | 22°9 | 22°9| 25°3]14-4| 24/12] .. | .. | .. | 10°8| 39:1 | 24-0] 196] 65 

230 to 249) .. | 2°6 | 13°2'| 29:0 | 31:6 | 21:0) .. 256) ey ee | LOO) 10:05'30;0) 20:0) 3050 
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If this notion of the normal condition, or average as we should call it 
now, had been rigorously worked out, there can be little doubt that it 
would not only have altered the conclusions reached by Matthews, but 
have forestalled to a certain extent the method now used by Heincke. 
The turning-point of the whole investigation, in fact, depends upon the 
rigorous determination of this normal or average condition. 

In effect, Matthews inclined in the opposite direction—dividing the 
ground of variability into more numerous divisions, with the notion, 
apparently, of showing that if two races could be taken from this field of 
variation, so might three, or even a dozen. The result was that the 
number of individuals under each heading diminished, rendering it more 
and more difficult to see any differences, for the mind cannot grasp such 
a great number of particulars. If the number of divisions be increased 
they should be increased ad injinitum, 7.e. the characters should be 
represented as they are in nature. There must be some guiding principle 
in order that the mind should be able to grasp the meaning of the 
variations, and the simpler the principle the more likely is it to represent 
the reality. One can understand, then, the position of Matthews—there 
was difference, and yet no difference. At first sight one saw the 
differences ; on scrutinising closer, endeavouring to grasp the meaning of 
the variations, and endeavouring to take into account the infinite number 
of possibilities that lay outside the bounds of the observed number, the 
mind became more and more confused, and the only conscientious decision 
was to examine an enormously larger number of specimens at every 
season of the year, and for many years consecutively, before a definite 
answer could be given. And such, in fine, were the conclusions of 
Matthews. 

What, then, is the method of Heincke? Simply, to concentrate the 
attention on the normal condition or average, to carefully eliminate all 
errors likely to arise by imperfect observation or arising from different 
ages, sex, seasons, or regions; to get the average clear and distinct so as 
to allow it to speak for the specimens examined ; and then further, by 
the mathematical calculation of the possibility of error contained within 
it, allow it to speak for the whole tribe, or race, or even species. 

As an approximation to this method the number of divisions in the 
above Table, given by Matthews, may be reduced to two. 


Winter. Summer, 


—eec 


Ratio of Fin Position. | ‘751 to ‘795 | -796 to °839 | :751 to °795 | °796 to °839 


M.M. 

te 150 to 169 50-0 50-0 50-0 50:0 
a 170 to 189 70-0 30-0 29°6 703 
€ 190 to 209 61-4 38-6 23:1 76-9 
E; 210 to 229 56-7 43°3 10:8 89-2 
a 230 to 249 44:8 55-2 20-0 80-0 


Percentage of all 
Lengths. 56°6 43°4 26°8 73°2 
This Table * shows more clearly the difference between the two— 


* “ Naturgeschichte des Herings,” p. 24 et seg., on which this criticism is for the most 
part based. 
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(2.) The individuals of a race, both in their separate characters and 
in the combination of all their characters, are the fortuitous examples or 
forms of an ideal type, which is obtained from the average of all the 
characters of every individual. It is as if nature were ever aiming to 
arrive at this ideal and thus presented different combinations of characters 
in every individual, and different grades of variation in every character. 

(3.) Every individual presents the same average amount of variation 
(in the combination of all the characters) from the ideal type, but each 
individual presents a different permutation of the separate variations of 
the series. 

(4.) The ideal type of a race and the extent of the degrees of 
variation in the different characters appear as the expression of the 
living-conditions regarded as a whole, with all their internal combina- 
tion, organisation, and cyclically recurring changes. ‘The individuals are 
the expression of this organisation and changings of the living-conditions. 

(5.) The existence of local races is certain, and they differ from one 
another in the same characteristics as species from allied species. 
As a rule these differences are smaller, but not always. Thus comparing 
the pilchard, sprat, and herring with regard to the average number of 
vertebre, the sprat has 48, the pilchard 52, and the herring 56. But 
in the Norwegian spring-herring the average is 57:6, and in the herring 
from the White Sea the average is 53°6, so that the difference with 
regard to this character between two races of one species is as much as 
that between the two species of pilchard and herring. 

(6.) Those more separated by geographical or rather physical condi- 
tions differ more also. So faras geographical conditions are concerned 
they may or may not be nearly allied, aud complex conditions in the 
surroundings may even call forth in (geographically) the same region 
distinct season-races, as spring- and autumn-herring. As will be shown, 
the differences between these must be deeply grounded in nature. 

(7.) The result of the study—that small groups of races differ from 
one another in certain characters in striking fashion will help us in the 
future, on the way to the physiological solution of race-differences, when 
we know better the physiological signification of the organs and the 
nature of the life-conditions. 

(8.) The race-characteristics, so far as present evidence goes and until 
proof of the opposite is forthcoming, are to be considered as hereditary. 
Thus the herring of Schley, examined in May 1878, and again in April 
1888, presented the same averages for the characters—the differences 
lying within the limits of the possibility of the variation of the average.* 
It follows, then, that the young of the Schley spring-herring when they 
have grown to maturity return to the place of their birth in order to 
spawn. And so we may conclude for others. The place of their birth, 
of course, must not be construed as this or that particular square mile ot 
the sea, but as being a place where the conditions of ground and water 
are always the same or similar, 

(9.) The dwelling-areas of the herring, which they do not leave as a 
rule, are large, but vary in extent. This is a most important practical 
conclusion, but in order to see its full significance we must first discern 
the races into which the herring as species is divided, and then consider 
the question of migration. 


The herring as species is naturally divided into two great groups of 
races—the sea-herring or autumn-spawners, and the coast-herring or 


*Vol.II., pp. 31 to 42, Tables I[X.-XXI, 
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spring-spawners. It must not be thought that the differences are very 
great between the groups or that they are sharply marked off: there is no 
fixed line in nature ; but if the habits, characters, and variations of these 
be regarded in the herrings as a whole, the grouping is seen to be perfectly 
natural. 


Sea-herring or Autumn-spawners (Bank-herring). 


These dwell in the open, sea from the coast of Scotland and England 
through the whole North Sea, the Skagerrak, Kattegat, and western 
Baltic, gradually tailing-off in the middle portions of the eastern Baltic, 
towards Gotland, They all, in summer or autumn, come from the open 
sea to spawn on the sandy or stony banks which lie at some distance 
from the coast towards deeper water. Their body-characteristics ure 
locally very different; in the eastern Baltic they are quite different 
from those on the Scottish coast. But all the races of this series show 
certain co-ordinate peculiarities in the composition of their race-characters, 
differentiating them from the other group of winter- or spring-spawners. 
They all display a moderate number of vertebre (56°5 to 55:5 on average), 
with a high number of keeled scales behind the ventral fins (15-0 to 14:0 
on average), and a strong development of these scales, which in the young 
are often like those of the sprat in their sharpness. The number of the 
vertebree to the first haeemal arch is great, mostly 25 and more. The head is 
thick-set, high, with varyingly prominent foreshortening of the snout, and 
weaker or stronger lrachycephalism of the skull. Also characteristic are 
the length of the back, and the relative shortness of the tail—they are 
brachyuric. Lastly, the pronounced disposition to change the number of 
the fin-rays in the ventral from 9 to 8, is distinctly characteristic. 

These characteristics vary with their dwelling-places ; from west to 
east we get a gradual transition from highest number of vertebra, of 
keeled scales,, and strongest brachycephalism, through decreasing 
number of these, to a distinctly lower number of vertebre, of, keeled 
scales, less breadth of skull, and smaller size. 


Coast-herring or Spring-spawners. 


These dwell in the coast waters of the whole North and Baltic Seas 
to the innermost corner of the last. They all spawn in winter or spring 
in the immediate proximity of the coast, and come very often 
into narrow and brackish bays or river-mouths. Also, their body 
characteristics are locally very different, even more different than between 
those of the corresponding races of sea-herring. But they show certain 
determinate characters in the composition of their race-characteristics 
which differentiate them from the large group of sea-herring. Thus, the 
small number of keeled scales (14°0 and fewer on average), and the weak 
development of these scales, The number of vertebra is, as a rule, not 
smaller, but the number to the first hemal arch is relatively smaller. 
The head is coarser, longer, with stronger development and elongation 
of the snout, and mostly smaller skull-breadth—prominent dolichocep- 
halism. The back is shorter ; head, and especially tail, long—in the 
extreme forms clearly dolichuric. Lastly, the relatively seldom occur- 
rence of 8 rays in the ventral fins. 

There are probably two groups of these, geographically :— 


(a) Those of the southern North Sea and western Baltic from 
the Zuyder See to the Schley and other brackish bays of the 
west Baltic, 
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This s a very strongly marked series, thus the number of the vertebree 
is small (55 8 to 55:0). 


(b) Those of the northern North Sea, beginning with the spring- 
herring of the Scottish coast and continuing in the coast- 
herring of the Skagerrak (spring-herring of Bohuslan), through 
the Sound to the spring-herring of Riigen, and ending with 
the spring-herring of the eastern Baltic. 


Its characteristics, in contrast with the foregoing, are—greater number 
of vertebra (and higher number of these to ie first heemal arch), a some- 
what smaller number of keeled scales; a longer head and _ tail 
—i.e., they stand between the group (a) and the sea-herring. In the 
west, on the Scottish coast, these herrings are very large in body, 
with higher uumber of vertebre (57:0), and are mostly winter- 
spawners; in the Skagerrak, somewhat smaller (V., 56°5), and spring- 
spawners. ‘Towards Riigen the variation continues in the same direction 
(V., 56:0) as well as in the eastern Baltic (V., 55°5 to 50°0), and the 
spawning-time reaches further into the summer. 

The races of the sea-herring of the northern North Sea and as far as 
Gotland in the Baltic, andthe races of northern coast-herring from Scot- 
land towards the eastern Baltic, run in a very noteworthy fashion 
geographically parallel. Especially astonishing is it that the connection 
of the sea-herring of the eastern Baltic with those of the Kattegat through 
the Belt and further through the western Baltic (autumn-herring of 
Korsor) has corresponding to it the connection of the coast-herring of the 
eastern Baltic with those of the northern North Sea through the Sound 
by Riigen. 

The spring-herring of the Belt and western Baltic (Schley) form a 
divergent group which, as already mentioned, find their nearest allies in 
the southern parts of the North Sea (Zuyder See). 

To this characteristic parallelism in the location of the sea- and coast- 
herring there is a corresponding parallelism in the body-characteristics. 
Each one of the two groups always retains the same characteristic com- 
position of the characters, and one can tell almost always the sea-herring 
from the coast-herring; but for both groups we find in any one region 
the same gradation or variation of the characters. ‘The further the sea- 
herring advances into the Baltic, so much the more do we find a decreas- 
ing breadth of skull, decreasing number of vertebre and number of 
keeled scales, as well as decreasing length of body, and it is quite the 
same for the coast-herring. 

Having thus obtained some general notions with regard to the natural 
grouping of the herring, we may now proceed to the particular races and 
the details of their differences. 


Particular Races of the Herring. 


I. Iceland Herring.—These herrings are of large size, mostly over 
300mm. when in maturity ; number of vertebre large, in average over 57 ; 
number of keeled scales behind ventral fin (k2) small, in average under 
14; tail tolerably long; head thick-set, short, high, and broad, with very 
short snout ; eyes very large, and operculum very broad ; length to breadth 
index of the skull large, in average 31—brachycephalism. 

Time of spawning not yet definitely known—probably in spring or 
summer. 

IJ. Spring Herring of Norway (Vaarsild).—Very large in size, in 
maturity over 300mm. ; number of vertebre very large, in averages over 
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57:5, in single examples up to 60; number of tail vertebra large, in 
average 14°5 and more; number of keeled scales under 14.5 in average; 
body tolerably long, with small difference in position between dorsal and 
anal fins ; head, and especially tail, short ; anal fin long, often longer than 
dorsal; head well formed, with tolerably long (on average, high also) 
snout, small eyes, and tolerably broad operculum ; cranium small, tolerably 
high and slender; length to breadth index tolerably small (30)— 
mesodolichocephalism. 

One of the most definite’ marked races ; spawning time in February 
and March. The Norwegiar summer and ‘“fat-herring” is the young of 
the vaarsild. 

III. Spring or Coast Herring of the northerly North Sea and Skager- 
rak.—Large, in maturity mostly over 250mm.; sum of vertebre large, 
in average 56°5 to 57:0 ; number of tail vertebree large, average over 14:0; 
keeled scales, 14°5 in average ; back and tail as in former race ; anal and 
dorsal fins very long; length ,to breadth index of skull small (30)— 
mesodolichocephalism. 

This race, which strikingly resembles the foregoing and seems to differ 
from it only in the smaller number of vertebra, includes those which in 
spring, in more or less salt water, are spawning on the west and east coasts 
of Scotland (Ballantrae, Firth of Forth), as well as those of the Skager- 
rak coast (Virsill of Gothenburg). They differ from the sea- or autumn- 
herring of the same places in many characteristics—above all, in that they 
have, as a rule, a more pronounced body stature, longer anal fin, and 
higher, or at least not smaller, number of vertebree ; against which stands 
a smaller number of keeled scales, and a smaller skull breadth; and 
lastly, that in them, as in the Norwegian ‘ vaarsild,” the number 8 in 
the ventral fin-rays occurs much seldomer. 

The three races included in this group—the spring-herring of Ballantrae 
an the west coast of Scotland, the spring-herring of the Firth of Forth, 
ond the spring-herring of Bohuslin—are quite distinct the one from the 
other, The last gives a clear and interesting transition to the spring- 
herring of Riigen. 

IV. Spring or Coast Herring of the southern North Sea and west 
Baltic, including those of the Kattegat.—Moderately large, the average at 
maturity seldom reaching 250mm.; number of vertebre small, the 
average over 55‘0, highest 56, seldom over 55:5; number of keeled scales 
under 14°5 in average ; number of vertebre to the first hoemal arch low, 
in average 24 or less, to highest 24:5; dorsal and ventral fins and the 
anus mostly in a forward position, especially the two last; head 
with short and small or medium-sized snout, and tolerably high skull ; 
length to breadth index tolerably large (30 to 31°5 and more), strong 
brachycephalism ; pre-eminently coast-herring which spawn in more or 
less brackish bays and mouths of rivers, in spring time from March to 
June ; the young grow up in these bays, and wait there quite a year. 

This group contains three sub-groups—(1) Herring of southern North- 
Sea, of Rinkjobing Fjords, Dollart, and Zuyder See ; (2) herring of west 
Baltic (Schley, Dassower See, &c.) ; (3) spring-herring of the Liimfjords 
and Belt. 

IVa. Spring-herring of Riigen.—Large size and large number of 
vertebre ; an intermediate form between the east coast herring of the 
Skagerrak and the “‘strémlings” of the east Baltic. 

V. Autumn or Sea Herring of the southern North Sea, including those 
of the Skagerrak and Kattegat (Northern Bank Herring ).—Uarge, at 
maturity mostly over 250mm.; number of vertebrae moderately large, 56°5 ; 
number of keeled scales high, mostly over 14°5 to 14:9; number of 
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vertebre to first hemal arch mostly at 25; body long, head, and 
especially tail, short; anal fin moderate to short; head with tolerably 
short and high snout; snout mesobrachycephalic ; tolerably frequent, 8 
rays in ventral fin, in from 20 to 30 per cent. of all individuals. 

To this race belong all the great shoals in the North Sea, which 
constitute the material for the great fisheries on the Scottish coast, to the 
Dogger Bank, in the Skagerrak and Kattegat. These inhabit the open 
sea, and come for spawning in summer and autumn to places from near 
the coast to the rising banks (about forty miles out), those on the Scottish 
side near in, those on the eastern side further out (40 to 60 sea miles). 
Their young are born and grow up in the open sea, and extend seldom 
or never into the mouths of rivers. 

VI. Autumn or Sea Herring of the Southern North Sea (Southern 
Bank Herring).—Closely allied to foregoing; smaller size of head ; 
extraordinary large number of keeled scales, 15 on average, to 17 and even 
20 in individual cases; in young also these scales are much sharper than 
in any other group ; skull strongly brachycephalic—31-0 to 32 on average. 

Belonging to this group are the autumn-herring of the German Bight, 
those of the Dutch coast, probably those of the English coast (though 
these have not yet been studied), and those to the south of the Dogger 
Bank. True spawning period not exactly known, from mid-summer to 
November probably, nor spawning places, which are probably from 
somewhere near the coast to the Dogger Bank. 

The young are born and grow up in the open sea, but may extend to 
the German and Dutch coasts, as also those somewhat older ; those ripe 
for the first time (young autumn-herring of the mouth of the Elbe) may 
extend to the mouths of rivers and brackish waters, if the water is still 
sufficiently saline. 

These are small and of poor quahty ; this was not always so, however. 
A hundred years ago this fishery was important, and may become so 
again. If the herring shoals make such great wanderings as they are 
said to do, from the ocean in the North down along the whole east coast 
of Great Britain, it is a matter of wonder that they do not proceed 
even further into the southern parts of the North Sea and into the 
German Bight. This they never do. We must conclude, then, 
that there are some unknown invisible limits to their wanderings iz, the 
sea. 
VII. Autumn or Sea Herring of the Baltic (Bank Herring of the 
Baltic).—Through the intermediary of the autumn-herring of the 
Kattegat, this group is also allied te Group V.; size, 250mm. on average, 
but towards Riigen and Gotland Bank growing less to 220 and 210 mm. 
(in size it is much smaller than the spring-herring of the same regions) ; 
number of vertebre small, 56-0 on average, and less to 55°5 ; number of 
vertebre to the first hemal arch high, 25-0 and more; number of keeled 
scales moderate, 14-0 to 14°5 ; dorsal and ventral fins placed far back; 
rays of ventral fins show tendency to change from 8 to 9. 

The autumn-herring of the Belt, of the western Baltic, and of astretch of 
the eastern Baltic from Riigen by Bornholm to Gottland, belong to this 
group. They spawn from the middle of September to the end of October, 
on the banks in the open sea, as off the coast of Fehmarn, but never in 
the bights or brackish waters. 

VIII. Spring-herring of the eastern Baltic or “ Streamlings.” —These 
are of small size, mature for first time at a size much less than 
200mm. ; in the Bothnian Gulf they have been found mature at only 
125mm. ; number of vertebre small, under 55°5 to 550 on an average ; 
keeled scales behind ventral fins also small in number, the highest 14-0 
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going down to 13°5 and less ; number of vertebre to the first hemal arch 
is, in contrast to small number of vertebre, very high, on a average 
25°0 and above; head and tail very long, back very short; dorsal and 
ventral fins posterior, variation of their positions great—the ventral is 
often under the middle of the dorsal, sometimes even behind this ; anal 
fin very short; snout long and strongly developed, cranium small, 
tolerably high and narrow ; length to breadth index very small, on an 
average under 30:0 to 28:0 and individually to 27-0—dolichocephalic. 

The “ Streamlings” inhabit the coast waters especially of the eastern 
Baltic in great multitudes, and spawn in spring more or less near to he 
land—seldom before April, often even in June and July. 

IX.—Herring of the English Channel.—Although only a few specimens 
from Brighton and from Havre have been studied, they show a clearly 
marked local character; they stand nearest to Group VI., the autumn- 
herring of the southern North Sea, and show many of the distinguishing 
characters of these, developed in the extreme. Size medium, probably 
on an average not over 250mm.; number of vertebre seems small, on 
average to 56:0 ; number of keeled scales behind ventral fins very large, 
15:0 and more; form of head very characteristic, it is very short and 
high, especially the snout ; cranium very high and brachycephalic : length 
to breadth index on an average 32:0 and individually to 34:0. 

These herring form one limit or boundary of the species with regard to 
their dwelling places. They spawn apparently more in winter than in 
autumn—from November to February. 

X.—AHerring of the White Sea.—A very distinct race, especially from 
the European races, and might almost be called a distinct species ; size 
moderate ; number of vertebree very small, only 53°6 on average and 
descends even to 52; this is a difference of at least 1:5 on average from 
their nearest allies, the ‘“Streamlings” of the Baltic (VIII.) ; very small 
number of keeled scales, 26°5 on an average in front of ventral fins, 12‘5 
behind—together 39 ; so small a number does not appear in the other 
races ; in contrast to the small number of vertebre is the relatively high 
number of these to the first hemal arch (25:0), and the high number of 
the tail vertebre, 15:0; the forward position of the dorsal fin and the 
backward position of the anus are also remarkable; further, the great 
length of the anal and especially of the dorsal fins ; snout is very long 
and high, with large jaws ; cranium is large, posteriorly narrow, teeth on 
vomer very strong with only 2 to 9. 

The spawning-time and habits of this group are unknown. They 
have a special interest because of their near alliance to the pilchard and 
the sprat, as already pointed out. They further show an alliance to the 
herring of Japan. 

The relationship between the characters of ihe Herring-races and their 
surroundings.—So far this brief summary has dealt with the observations 
of Dr. Heincke and the conclusions or classification drawn therefrom, and 
with regard to these it should be remembered that nothing must be 
looked upon as definitely fixed for all time. Future research of Dr. 
Heincke or of others may cause some of the groups to be broken up, 
decreasing or increasing their number. 

Heincke’s work embodies the present state of knowledge on the 
question, and forms a basis for future research. Its importance is shown 
when we consider the complex relationships of marine life. The first 
principle is that the herring as individual, race, and as species, lives in 
harmony with its surroundings, and therefore undertakes no wanderings 
into other places with other conditions of life. This principle, seemingly 
so simple and self-evident, will be seen to be of importance in connection 
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with the question of migration ; for the present, what we know of these 
surroundings may be touched upon. 

This subject has been dealt with by the Scotch naturalists Matthews, 
Ewart, and Brook,* but they did not follow up the relation of the physical 
and biological surroundings, on the one hand to the wanderings, on the 
other hand to the bodily structure. 

The first relation has been displayed quite recently by the Swedish 
scientists. + The herring which occur in winter off the Bohuslan coast, 
in the Kattegat, appear and swim in the “ bank-waters” which are 
formed by the mingling of the Baltic stream and the Atlantic Ocean. 
These “ bank-waters” have certain distinct qualities, of temperature, 
salinity, and with regard to the organisms living in them. The correlation 
thus established is of great importance, and may possibly be regarded as 
the beginning of greater discoveries, In 1896, the herring fishing off 
Bohuslin was a failure, and it was found that this was associated with the 
presence of an abnormal amount of Baltic water. 

So in other places, as with the fluctuations in the quantities of herring 
off the Scottish east coast, the changes in the spawning places in the Firth 
of Clyde and Loch Fyne, the reasons will be similar though much more 
complex. The return of the shoals periodically, year after year, to the 
same place will depend for the most part upon whether the conditions 
at those places remain the same. 

On the other hand, Dr. Heincke by his work has been enabled to point 
out certain relations between bodily structure and the surroundings. 
How far these are real, of course, only future research can show. 
Thus, as the salinity of the Baltic diminishes from west to east, the 
“constitutional size of the ripe” herring becomes smaller—so does the 
number of the vertebre and the breadth of the skull; the body becomes 
shorter; the lengths of head and tail become greater, and so does the 
difference in position between the dorsal and anal fins. 

Again, those herring which grow in very warm, shallow, and brackish 
water, as those of Schley and Zuyder See, have an extremely small number 
of vertebre to the first hemal arch. And again, the herring with the 
most considerable constitutional size, and likewise the largest number of 
vertebra, live on the coasts of the northern NorthSea, of Norway and Iceland. 
These are perhaps most directly under the influence of the salt oceanic 
waters. Such observations naturally offer a great field of speculation to 
the physiologist, and—shall we say—also to the ‘‘natural selectionist,” but 
for the present we may content ourselves with regarding them as isolated 
facts until cumulative evidence points to some probable solution. 

The consideration of the relations between the herring and its physical 
and biological surroundings naturally leads to the question of migratzon, 
and here we find Dr. Heincke still more reserved in his conclusions. It 
has been the custom to think vaguely and talk vaguely of the periodic 
incomings and outgoings of the herring shoals between the Atlantic Ocean 
and the North Sea. 

Now, we have no proof of this extensive migration—indeed no signs 
of it that cannot be explained otherwise, and it may be seen that the 
whole weight of Heincke’s observations is in the scale against it. The 
division into races simply means division of dwelling-places, and just as 
there is room enough in the North Sea and Baltic Sea for the gadoids, 
the pleuronectids, and innumerable other species, there is room enough for 
a few races of herring. Just as Sir John Murray considered that the 


*Reports of Scottish Fishery Board, I. to V., also by F. G. Pearcey in 1885, but 
unfortunately, the work of the latter has not yet been read by me. 
+See Summaries by J. T. Cunningham, Journal Marine Biological Association, Vol. 
IV., 1895-97, p. 233 et seq. ; and by W. Garstang, do., Vol. V., 1897, p. 56 e¢ seg. 
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herring of the Firth of Clyde remained there permanently, coming out of 
the deep holes to spawn on the flatter, shallower grounds, so Dr. Heincke 
considers that the herring never go very far away from their spawning 
laces. 
: A number of reasons to support this view will suggest themselves to 
those who understand the significance of the race-divisions, and we may be 
content with the position of Dr. Heincke. These are the facts, let those 
who uphold the extensive migration theory contradict or explain them away. 

There is, however, the appearance of the summer- and autumn -herring 
on the east coasts of Scotland and England which has always seemed to 
lend countenance to the migration theory. As is known, the summer 
herring fishing begins in the North near the Shetland Islands in May or 
June, then it gradually spreads along the coast in usually a southerly 
direction, so that off Peterhead the fishing is towards the end of June, 
further south in August, and so on until the Dogger Bank is reached and 
there isa break. This is the case with the herring fishing, but it is not 
necessary to believe that the herring shoal or shoals are taking this course. 
Indeed, for a fish whose spawning habits are so well defined both in 
time and place, the fact that the spawning on the east coast is spread 
over five months—May to September— of the year, would suggest another 
conclusion—viz., that the shoals, though of the same race or group (V.), 
may consist of several differeut local forms with different instiucts leading 
them to spawn at slightly different times, in slightly different regions, aud 
consequently under different conditions of environment. If we suppose 
that these shoals, impelled by their spawning instinct at the appropriate 
seasons, emerge from the more northern and middle portions of the North 
Sea as well as from the neighbouring portions of the Atlantic Ocean (to 
the west of the Shetlands), the explanation would agree with what we 
know of the facts. It is like a succession of waves striking obliquely on 
the shore and thus giving the appearance of the progression of the foam 
and spray along the beach. 

This is the alternative to the extensive migration hypothesis, with the 
distinct advantage of lending itself more readily to proof or disproof. If 
the herring shoals fail to appear when and where they are accustomed to 
appear, we should expect to find them at the same time in similar regions 
not so very far away. 

This leads on to the consideration of the practical importance of these 
studies and conclusions of Heincke. Since we believe in the rational co- 
ordination of events which declares that the herring as individual, as race, 
and as species is in harmony with its surroundings, then, since these races 
have been shown to be distinct from one another, and we have signs also that 
the surroundings are distinct, we should be able to connect any changes 
in the movements of the herring with changes in the environment. This 
is not a mere truism, as an example will show. The autumn and winter 
herring-fishing off the Bohusliin coast in the Kattegat has been already 
referred to, and the question has been much discussed—Whence come 
these herring; from the Norwegian or Danish coast? Pettersen said 
originally that they came in with the Danish “ bank-water,.” This was 
afterwards questioned,t and so a doubt arose. MHeincke has, however, 
shown that his conclusions agree with the first—viz., that these winter- or 
sea- herring of Bohuslan are the autumn- herring of the Skagerrak and of 
the bordering portions of the North Sea. They do not come from the 
Norwegian spring- herring, because they form quite a different race (II.-V.). 

Thus from the study of structure we may be able to test the conclusions 
reached with regard to the natural history of the herring by those starting 
from the other side—viz., from the study of the surroundings. Both 
lines of research are far from complete, but they have been well begun. 


| J.M.B.A., 1895-97, op. cit 
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Sopan. Handbook of the. Part I., Geographical. Part I1., Historical. Price 2s. 
SUPPLY, TRANSPORT, AND Barrack Services. Regulations for. 1899. - Price 9d. 
VOLUNTEERS IN BricapE aND Recimentat Camps, Orders and Regulations for. May 
1898. _ : , : . Price ld. 
Naval :— nets , ae 
Tipe Tasiss for British and Irish Ports for 1899. Price 2s. 
Geological :— Pag , : ; | i 
CaRLIsLE. Geology of the Country around. By T. V. Holmes, F.G.S. _ Price 3d. 
Sussex. Water supply of, from underground sources. By W. Whitaker and Clement 
~ Reid. | | . Price 3s. 


Local Government Board :— TN. 
Ursan Disrricts or Loneron anp Fenton. Report on the, in reference to prevalence of 


_ Diphtheria therein. : Price 1s. 
Epipemic DIPHTHERIA IN THE BorovueH or TunBRipgE Weis. Report on. Price 3d. 
Home Office :— | 2 2 ae 
_ Mines in rae Unirep Kincpom. List of. Year 1898. Price 3s. 
| Priendly Societies Registry Office. The Guide Book of the. 1899) 5)" Price 6d. 
_ Emigrants’ Information Office, 31 Broadway, Westminster, viz. :— 
| -Cotontzs, Hanpzooxs ror. April1899. 8vo. Wrapper. 


No. 1. Canada. 2. New South Wales. — 3. Vickoren 4, South Australia. 
5. Queensland. G6. Western Australia. 7. Tasmania. °° 8. New Zealand. 


_9. Cape Colony. 10. Natal. Price 1d. each. 
No. 11. Professional Handbook dealing with Professions in the Colonies. 12. 
Emigration Statutes and General Handbook. Price 3d. each. 
No. 18 (viz., Nos. 1 to 12, in cloth). Price 2s. 


_ ConsuLak Rerorts, Summary or. America, North and South. June 1899. Price 2d. 
Intenpine Emicrants, Inrormation For:—Argentine Republic, price 2d. 
California, price id. Ceylon, price 1d. Maryland, price 1d. Newfoundland, 

| | price 1d. South African Republic, price 3d. West Indies, price 6d. 

’ Foreign Office :— | 


Arrica By Treaty. The Map of. By Sir E. Hertslet, K.C.B. 3 Vols. Price 31s. 6d. 
 Commercian Treaties. (Hertslet’s.) A complete collection of Treaties, &c., between 
Great Britain and Foreign Powers so far as they relate to Commerce and N avigation, 

__ &e, By Sir E. Hertslet, K.C.B., &e. Vols. I. to XX. _ Price 15s. each. 
State Papers. British and Foreign. Vol. 80. General Index (chronologically and 

_ alphabetically arranged) to Vols. 65 to 79 (1873 to 1888). Vol. 81 (1888-1889). 
NOL: 82 (1889-1890). Vol. 83 (1890-1891). Vol. 84 (1891-1892). Price 10s. each. 
Board of Trade Journal, of Tariff and Trade Notices and Miscellaneous Commercial 
Information. Published 15th of Month. Price 6d. Index to Vols. 1 to 14. Price Qs. 
And to Vols. XV. to XX. July 1893 to June 1896, Price 1s. 6d. 


| Kew : Royal Botanic Gardens. Bulletins of Miscellaneous Information, Volume for 
| 1897, pri e 3s.; and Monthly parts, 1898, price 4d. 
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SEVENTEENTH 
ANNUAL REPORT 


FISHERY BOARD FOR SCOTLAND, § 
Being for the Year 1898. 


IN THREE PARTS. 


Part 1.—GENERAL REPORT. 
Part II.—REPORT ON SALMON FISHERIES. 
Parr IIJ.—SCIENTIFIC INVESTIGATIONS. 
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5) GLASGOW: 8 
Es PRINTED FOR HER MAJESTY’S STATIONERY OFFICE G? 

fis By JAMES HEDDERWICK & SONS, 
Ar Tue ‘ Crrizen ” PRESS, St. VINCENT PLACE. 


And 3 to be purchased, either directly or through any Bookseller, ES 
JOHN sah & CO., 12 Hanover STREET, EpinpurGH, and 
0 West Nine STREET, Guascow ; or 
EYRE & SPOTTISWOODI, East Harpineé STREET, FLEET peer 5 E.C., and 
2 ABINGDON STREET, WESTMINSTER, S.W. ; 
HODGES, TIGGIS, & CO., Lrurrep, 104 GRarron Sanaa DUBLIN. 


1899. 


[C. 0382,]—Price 3s. 6d. 
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